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ABSTRACT
A multi-environmental trial was conducted in Rwanda, located in the 
highlands of Central Africa. The trial consisted of 26 cultivars of 
sweet potatoes repeated over 11 environments.
Genotype X environment (G X E) interactions were highly significant 
for vine yield, fresh root yield, number of roots, and dry matter yield. 
Average root weight was not significant for G X E interactions. The G X 
E variance component was generally more important than the variance 
component for cultivars. From pathway analysis it was concluded that 
the G X E effects of dry matter yield were little determined by the G X 
E effects of the yield components except for number of roots. Specific 
and relatively independent adaptation mechanisms were postulated for 
each of the yield components.
Genotypic correlations between yield components were neutral indi­
cating that stress and competition between the yield components were low 
in the sweet potato. The parallel pathway diagram was found to be more 
adequate to explain the causal relationships between yield and its 
components, than the allometric (sequential) model. The main yield 
contributor was number of roots, followed in decreasing order by, average 
root weight, vine yield, and % dry matter.
Three progeny trials were established in Rubona (Institut des 
Sciences Agronomiques du Rwanda), consisting of 18 half-sib progenies of 
local origin, 26 from IITA germplasm (International Institute for Tropical 
Agriculture, Nigeria), and 25 from special seed gardens. The latter 
trial was planted in a swampy area.
xiv
The narrow-sense heritability for yield and yield components was 
generally low. The heritabilities for flesh color, skin color and 
anthocyanin pigment were generally high. The genetic associations for 
root yield, number of roots, and vine yield were strong and generally 
positive. In the swamp trial there was a negative genetic correlation 
between vine yield and number of roots probably due to the hydromorphic 
growing conditions. Because of relatively high co-heritability estimates, 
correlated genetic advance for yield was generally high when selecting 
for number of roots and vine yield.
xy
INTRODUCTION
IMPORTANCE OF THE STUDY
The sweet potato is one of the most important root crops in the
world. In Rwanda, there are approximately 150,000 ha grown each year
with an average fresh root yield of 7-8 t/ha. Although Rwanda has an
2area of only about 28,000 km , a total of 12 agro-ecological regions 
have been i d e n t i f i e d , most of which include sweet potato as a staple 
food. The sweet potato area is very heterogeneous with an annual rainfall 
ranging from 600 mm in the east to 2000 mm in the west. Soil conditions 
differ tremendously, including rich volcanic soils, lateritic soils, 
recent alluvial clay soils, as well as peat swamps. The elevations in 
the sweet potato areas of production vary from 900 m up to 2300 m.
Most of the local sweet potato varieties in Rwanda reach maturity 
in six to eight months. Because of steadily increasing demographic 
pressure in Rwanda, there is a general tendency to harvest sweet potato 
before full maturity. Many good tasting clones have been used in produc­
tion beyond their environment of adaptation, resulting in poor yields.
Throughout Rwanda sweet potato is grown in varietal mixtures of 4-6
(14)biotypes . Neither mineral fertilizers nor phytopharmaceutical 
products are used.
(72)Virus diseases constitute a major production problem . During the 
last two decades, ISAR (Institut des Sciences Agronomiques du Rwanda) 
released several cultivars, Anne-Marie, Mugenda, and Caroline Lee, which 
were subsequently found to be virus susceptible.
1
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Another major production constraint of the sweet potato is caused
(1 2)by the weevil, Cylas punctieollis and Cylas spp. . This insect
affects particularly the late plantings (April-May) in Central and Eastern 
Rwanda, because these plantings are grown during a long dry season 
(July-August-September), which enables the weevil population to expand
• a i  <74) rapidly
(12)Alternaria is a minor disease which develops under cold and
humid conditions i.e. in the swamps during the dry season and in Northern 
Rwanda.
STATEMENT OF THE PROBLEM
When the sweet potato breeding program was started in 1978, about
40 cultivars were available at ISAR-Rubona; half of them of local origin,
and half as introductions from the INERA-Mulungu (Zaire) collection.
Among the latter accessions many cultivars have been traced back to the
old U.S. varieties as e.g. Caroline Lee and Red Jersey, which were grown
(38)in the U.S. at the beginning of this century
Until 1978, the improvement program consisted of new introductions 
that were compared to standard varieties at only two stations, Rubona 
(southern Rwanda) and Karama (eastern Rwanda). The best introductions 
were released in the rural areas. However, their environmental adapta­
bility was usually confined to the areas bordering the two respective 
research stations.
There was clearly a need to identify the different sweet potato 
regions of Rwanda, and to breed and select new adapted cultivars to each 
of these regions. Also, because of demographic pressure, more and more 
swamps were cleared for cultivation and sweet potatoes were among the
3
preferred crops in these newly reclaimed lands. There was a need to
find new cultivars which would be suitable for such hydromorphic conditions.
A vigorous breeding program was initiated attempting to solve 
simultaneously the following domains of r e s e a r c h ^ ^ .
a. Genetic variability was increased by introducing seed material 
from abroad, prospecting clonal material from the different regions of 
Rwanda, and finally by intercrossing as much as possible all 40 clones
of the existing collection in order to enhance recombination of desirable 
characters. Numerous seed nurseries were established and most of the 
seed collected in the early stages of the program were polycross seeds 
from a large germplasm base.
b. Sweet potato progenies were planted out in selection fields at 
three different sites: Rubona (south Rwanda), Karama (east Rwanda) and 
Rwerere (north Rwanda). The selected seedlings were further tested in 
preliminary yield trials, multilocal trials and finally in farmer's 
trials including fertilizer experiments as well as taste panels to test 
fleshy root quality.
OBJECTIVES OF THE STUDY
The present study was undertaken to assess the environmental adapta­
tion of new sweet potato germplasm materials across a wide range of 
environments in Rwanda and to estimate various genetic parameters of 
different genetic populations.
The objectives of this study can be listed more explicitly as 
follows:
1. Assessment of the genotype by environment interactions of 26 
cultivars across 11 environments at different elevations.
2. Study of the relative contribution of each yield component, 
including vine yield and dry root yield.
3. Estimation of heritability, genetic correlations and other 
parameters in three progeny trials.
4. Identification of a breeding program will be identified which 
will guide the sweet potato breeder in selecting new improved varieties.
LITERATURE REVIEW
GENOTYPE BY ENVIRONMENT INTERACTIONS
The target area of most breeding programs comprises a multitude of
different environments. The existence of genotype by environment inter-
f 13 21 27 52actions has been long recognized and adequately reviewed ’ ’ ’ ’
82 831’ . The genotype by environment interaction (G X E) studies can be
subdivided into three main areas of investigation: (1) physiological-
genetic aspects comprising the detection and characterization of genotypic 
response differences, (2) the influence of environmental factors, and 
(3) biometrical-genetic aspects involving analysis of the genetic basis 
of G X E (13) .
Although classical analysis of variance is able to identify the 
importance of G X E in a multi-environmental trial, it does not enable 
one to differentiate the different genotypes as to their yield response 
across different environments^3 "*. Thomas et a l . ^ ^ 3"* were able to 
demonstrate with rice and barley, that the magnitude of the G X E variance 
component is usually under estimated due to the presence of stress and 
compensation between the yield components.
The need to describe the individual genotypic performances across 
environments has been approached in different ways. The most important 
ones are: regression analyses, multivariate analyses, cluster analyses,
and stability indices.
Several linear regression models have been developed based on 
regressing genotypic performances or G X E effects on environmental 
indices. Yates and C o c h r a n ^ ^ ^  and Finlay and Wilkinson^^^ proposed 
to use the average performance of all genotypes within a given
5
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environment as the environmental index representing the overall potential
of that particular environment. Finlay and Wilkinson found that as
the result of high linear response, the different genotypes could easily
be characterized by their respective regression coefficient. However,
in multilocal trials with maize, deviations from linearity were found to
(23)be important by Eberhart and Russell . The authors concluded that 
each genotype should not only be identified by its regression coefficient,
but also by a coefficient d, representing the amount of non-linearity.
f 87 lPerkins and Jinks proposed to regress the sole G X E effects 
onto the environmental indices. Subsequent graphical analysis proved 
very useful in the characterization of the G X E behavior of each 
genotype. The amount of deviations from linearity was shown by Jinks 
and P o o n i ^ ^  and Pooni and J i n k s t o  be greatly reduced by character­
izing each genotype by two intersecting, overlapping linear regressions.
Using the environmental mean performances as an environmental index has
(29) (47)been questioned by Freeman and Perkins and Hardwick and Wood
(24)Evenson et al. argued that the yield potential of a particular
environment should be better reflected with yield of the highest-yielding 
genotype in that particular environment. Pederson et a l . ^ ^  proposed 
to use an independent gene pool to measure the environmental indices.
(47)Hardwick and Wood , using multiple regression, have shown that the 
slopes of regression on the environmental mean can be expressed in terms 
of the coefficients of partial regression on environmental variables. A 
pragmatic compromise between the two schools of thought, - i.e. environ­
mental mean performance vs. different environmental variables -, was
(19)proposed by Darrah and Penny . They restricted their multiple regression 
model to two independent variables, one being the classical environmental
7
index, the other being the elevation, considered as the mean environmental
(35)gradient. Grafius and Kiesling described the G X E performances of
each genotype by vector representation w.r.t. a biological field of 
force representative of an environmental variable. Assessment of the G 
X E response of a genotype should not be restricted to a single variable 
as yield, but should try to incorporate the interdependence with yield 
components and other v a r i a b l e s ^ )  ^ multi-dimensional scaling
/ " O ' )technique was developed by Basford in order to characterize the 
response of a multi-attribute genotype across environments. The method 
was more informative than clustering techniques applied on one single 
attribute. Binswanger and B a r a h ^ ^  constructed a multiple regression 
model whereby yield is regressed upon three sets of independent variables
(1) control variables as e.g. fertilizers, irrigation rates, (2) adapta­
bility i.e. site variables as e.g. soil factors, elevation, (3) stability 
i.e. weather variables as e.g. rainfall, temperature.
When multi-environmental trials involve a large number of genotypes 
and environments, the breeder may want to identify groups of genotypes 
with similar G X E behavior. A clustering technique based on the squared 
Euclidian distance and adopting the group average fusion s t r a t egy^^,  
was developed by Mungomery et a l . ^ ^  and Shorter et a l . ^ ^ .  The 
cluster technique was further refined by L i n ^ ^  and Ramey and R o s i e l l e ^ ^  
by trying to equate the dissimilarity index of any cluster in terms of 
actual contribution to the G X E variance. Seif et a l . ^ ^  claim that 
canonical variates analysis would be superior to the clustering technique. 
However, their argument is based upon a multi-environmental trial where 
most of the environmental variation could be reduced to only two canonical 
variates accounting for two main environmental gradients. Their theory 
should be further tested on a more complex environmental situation.
In a more practical way the G X E theory will help the breeder in
(3)identifying more stable cultivars. Allard and Bradshaw stressed the
importance of devising a breeding strategy which would eventually result
in selecting cultivars with a high potential of minimizing unfavorable G
X E interactions throughout their life cycle. They advocated the use of
genetic diversity either through heterozygotes or through mixtures, such
as to improve the G X E buffer potential of the plant population. This
(7 3)concept coincides with the homeostasis theory of Lerner . Much
effort has been developed in the construction of parameters describing
(31)adequately, stability. Grafius proposed the idea of "universal 
variety". This universal variety should be overall superior for yield 
based on a good compensating balance between the yield components. Most 
of the G X E action should be channeled upon the best yield component. 
W r i c k e ^ ^ ^  described the stability of a genotype by the term "ecovalence 
which is inversely proportional to the specific contribution of a particu 
genotype to the overall G X E sums of squares. The stability index of 
Baker is nothing else than the inverse of Wricke's parameter. Using 
a stability space centered on a defined "ideal" or "stable" response,
(45)Hanson measured the stability of a genotype by the distance of its
regression response with respect to the ideal and stable response. A
stable genotype is characterized by a nul regression according to Finlay
f 2 6 ) (23)and Wilkinson , whereas Eberhart and Russell postulated unit
regression and zero deviation from linearity, as being characteristic of
the ideal stable variety. Binswanger and Barah^*^ contended that the
standard deviation of the overall mean of a genotype was a good enough
appraisal of its stability. However, they proposed to select for risk
efficient genotypes rather than stable genotypes per se. A genotype is
defined as risk efficient if no other genotype in the tested set can 
achieve: (1) the same average yield with lower standard deviation and
(2) the same standard deviation with higher average yield.
In the sweet potato the importance of G X E has been recognized by
, . (5, 39, 76, 80, 95)several workers ’ . The cultivar by season interaction
variance components for tuber yield and for average tuber size were
found to be larger than the respective clone variance components in a
/ r o  \
trial conducted over three seasons at IITA . Similarly, in a multi-
environmental trial in Rwanda, combining two seasons at three widely
differing elevations, J a n s s e n s ^ ^  found the following traits to have
superior G X E variance components: number of tubers, average tuber
weight, fresh tuber yield and dry tuber yield. However, dry matter
content and fresh vine yield had G X E variance components which were o
equal size to their respective clone variance components. Furthermore,
he surmised that, under low-input conditions, survival ability may
shadow the expression of yield stability as no relation could be found
between yield stability and the stability of the yield components. In
multi-environmental trials the sweet potato breeder should give more
emphasis on seasonal testing than on locations, and only a small number
of replicates within the e n v i r o n m e n t . Although total marketable
(15)root yield was highly significant for G X E, Collins et al. found
(94)that protein content was not subject to G X E. Saladaga found
significant G X E interactions for total root weight and for number of 
marketable roots.
SWEET POTATO RESPONSE TO ENVIRONMENTAL STRESSES
Adaptation of the sweet potato to cold stress is poorly documented 
Using isolated rooted sweet potato leaves, under different constant
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temperatures, Spence and Humpries found that fleshy root formation
was maximal at 25°C. At 15°C no fleshy roots developed and more fibrous
roots resulted while at 10°C there were no fleshy roots and few fibrous
(9 7)roots. However, other experiments by Sekioka showed that total dry
matter accumulation in the plants occurred best when temperatures reached 
15°C, whereas the dry matter accumulation rate in leaf canopy was highest
at 25°C. Relatively low temperature contributes to the development of
(39)
fleshy r o o t s ^ ^ ’ . Tsuno^^*^ considered 22°-24°C as being the
ideal temperature range for fleshy root formation. Tsuno and Fujise 
found that at low temperatures, respiration rate decreased, thus reducing
(91)the energy needed for nutrient uptake and distribution. Also, Quebedeaux
and T h i b o d e a u x r e p o r t e d  very little flowering and seed set at
fairly low temperatures.
High soil moisture stress and the resulting lack of oxygen will
have an adverse effect on fleshy root formation and enlargment according 
(3 9)to Hahn . These adverse effects are as follows: increase of soil
. (18, 104, 105) . , . «.u(17) , i i frots , increase of vine growth , reduction or lack of
fleshy r o o t s 100)^ increase cf glycolosis and ethanol content in the
(181 (2) sweet potato , buildup of CO^ , reduction of dry matter content,
carotenoid pigments, baking quality, and protein content^^ 105)^
and finally reduction of primary cambium activity and increased lignifi-
cation of the stele cells ̂ ®^). T o n ^ ^ ^  reported that the threshold
point of tissue breakdown because of water occurred after 60-66 hrs of
submergence and noticed an absence of latex in the fleshy roots. He
further found evidence that tolerance to wet soil conditions may be
(81)quantitatively inherited with most genes lacking in dominance. Martin 
reported resistance to water stress among some accessions from West
1]
(2)Africa. Resistance to wet soil damage according to Ahn et al. may be 
due to detoxification of anaerobic respiration products rather than to 
the occurrence of anaerobic respiration. As resistant cultivars show 
low levels of ethanol content, ethanol measurement should provide a good 
method of assessing cultivars for flooding resistance according to Corey 
et
(39)Hahn reported that sweet potatoes exhibit good drought tolerance.
Drought conditions were found by Togari (in T s u n o ^ ^ ^ )  to promote
primary cambium activity as well as the lignification of the stele cells
resulting in the formation of fibrous pencil-like roots. The drought
tolerance mechanisms of the sweet potato have been described as follows 
(3 9)by Hahn : higher leaf water content, smaller size of stomata, better
ability to reduce bottom leaves, more and larger fibrous roots.
YIELD COMPONENT ANALYSIS 
(32)Grafius and his school of thought gave a tremendous impetus to
the development of yield component analysis. In its simplest form,
(32)Grafius has shown, using small grain crops as a model, that grain 
yield (W) can be represented by a yield parallelepiped whose edges are 
number of fertile tillers (X), number of grains per tiller (Y), and 
kernel weight (Z), and that W = X.Y.Z. Several important conclusions 
were drawn from this model. Although all yield components had positive 
correlations with yield, their correlations among themselves were all 
negative because of compensation and stress among the yield components. 
Highest yield increases are to be expected when breeding for the improve­
ment of the smallest edge of the yield parallelepiped. Conversely, for 
environmental stability, a variety should have the longest edge of its 
yield parallelepiped subject to the strongest G X E interactions, as
mentioned earlier. Overdominance and heterosis can be explained by the
complexity of a trait and by the positive complementations of components
to that complex trait as is the case with yield. The higher the yield,
the higher the stress between the c o m p o n e n t s . The yield components
are developed in sequential manner, X being first and Z last. The more
remote the component develops in the sequence, the more reduced will be
(3 7)its genetic control and its heritability , and the more sensitive
will it be to G X E i n t e r a c t i o n s . The sequential development of
the different yield components was found to be of oscillatory nature*'^
because of compensation between the components, mainly attributable to
(33)competition for environmental resources from a common pool . Highest
yielding crosses were generally characterized by high values for X and Y
and low values for Z . Hence a high number of fertile tillers and a
high number of grains per tiller are most likely to be conducive for
high yields. It was shown that yield resulted from allometric relations
(43)between the yield components and that the following two laws could
therefore be deduced: (1) Plasticity is inversely proportional to
ontogenetic proximity. Traits, arising from the same meristem will tend 
to be harder to manipulate than those separated in space and time of 
origin, (2) Numbers and size of organs tend to have an inverse relation­
s h i p ^ 4).
In the sweet potato a similar yield parallelepiped was constructed 
by Mahungu^3^  using a number of fleshy roots (X), average root weight 
(Y), and dry matter content (Z). Using pathway analysis he was able to 
demonstrate that number of roots was the most important yield contributor
The positive associations between number of roots and root yield has
. .. , . .. (56, 57, 63, 68, 79, 90, 99)been confirmed by numerous authors . This
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gives support to the idea that fleshy root yield may be sink limited
. . .  n (39, 40, 53, 71, 100, 106) _ ..according to several workers . I n  other
(4)instances, Austin and Aung reported that translocation rates appeared 
to be the limiting factor. These translocation rates were affected by 
low-input conditions , low potash levels or high soil tempera­
t u r e s ^ ^ ’ . Yield and yield variability was determined by its yield
(79) (69)components i.e. number of roots and mean root yield . Jong 
suggested an oscillatory model to explain the sequential development of
the sweet potato yield components in accordance with Grafius' t h e o r y ^ ’
33 ) (17)Excessive top growth due to either hydromorphic conditions
and/or nitrogen overdoses are known to be deleterious to the fleshy
root initiation process. Highest yields were recorded for clones combining
(39)a harvest index of 0.36 with a photosynthetic efficiency of about 4.0 ,
whereas relative growth rate was highest at a leaf area index of about
3 . 0 ^ ^ ^ .  The latter author found an inverse relationship between net
assimilation rate and leaf area index. However, under low-input conditions
the best yielders were reported to exhibit above average top g r o w t h ^ ^ .
From source-sink studies H a h n ^ ^  concluded that high source potential
should be incorporated into high sink breeding material to further
increase the yield potential. Other results show that total biomass
(58)production is highly correlated with tuber yield . Photosynthetic
activity is enhanced when photosynthates are prevented from accumulating
in the leaf blade by way of translocation^^^ . In preliminary results 
(88 )Pochet suggested that chloroplast density may be associated with
yield potential.
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HERITABILITY ESTIMATES OF SOME IMPORTANT CHARACTERS
Although the sweet potato is a hexaploid, J o n e s f o u n d  bivalent
pairing to be the rule, suggesting allopolyploidy. Consequently, the
sweet potato will behave similarly to a diploid genome.
The heritability of sweet potato traits has been estimated according
to different methods. At Louisiana State University, narrow-sense
heritabilities were estimated on an individual basis, using from 100 to
250 randomly selected seedlings per progeny, although only 20 to 30
randomly selected seedlings per cross were actually incorporated in the 
(94 99)variance analysis ’ . The most extensive work on heritability
estimation was done by Jones and co-workers at Tifton, G e o r g i a ’
66, 67) xhey randomly selected from 40 to 45 parents within a random 
mating population and used only 15 to 25 randomly selected open pollinated 
seedlings per parent. A completely randomized block design was used 
with five seedlings per plot for the open pollinated progenies. Similarly 
the parental clones were planted using for each clone plot sizes of five 
clonal (cuttings) plants. Their early study in 1969 was replicated over 
three locations and two years. Later studies were restricted to one 
season and one location. This design was quite unique as it offers 
three estimates of variance components with different genetic variance.
(1) The parent offspring regression yields an estimate of
i 2 u. i 2% s . + \ s . .A AA
(2) The variance component for open pollinated progenies gives
* SA + 1/16 =M
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(3) The variance component for parental clones contains
S S sA AA non-additive
From this design three genetic variance components can be estimated:
and the remaining non-additive variance. It is unfortunate that all 
calculations were made on means, rather than on individuals, so that the 
heritability estimates refer only to the average progeny mean performances.
Agriculture, Ibadan, Nigeria) using the data from a preliminary yield
trial repeated over three seasons. The heritability estimates are based
upon clonal means and their interpretations should be restricted to the
particular clonal population used in that trial. More recently, a
method has been proposed to calculate the broad-sense heritability on an 
(5 9)individual basis . In this design each progeny seedling is grown on 
an individual hill and along each progeny (family) the respective maternal 
clone is grown upon 10 similar hills, one cutting per hill. It is 
assumed that the within maternal clone environmental variation is repre­
sentative of the environmental variation within progenies. Because of 
the small number of maternal clones and corresponding progenies involved, 
the within progeny environmental variance component is found through 
rescaling in the following manner:
2 2 the additive variance (s^) , the additive by additive epistasis (s^ )  >
Jones' method has been utilized by L i ^ ^ .  Broad-sense heritabilities 




2Senv = environmental variance components within progenies
x = grand mean of the progeny seedlings P
CV., = coefficient of variation of the clonal hills M
2The genotypic variance component s is found by subtraction:§
2 2 2 s = s„ - s g T env
2where s^ = total variance among seedlings.
For total fresh root yield the narrow-sense individual heritability
estimates (h^) are 0 . 2 0 ^ ^  and 0 . 2 4 ^ ^ .  As would be expected, the
corresponding estimates on a progeny basis (h^) are larger: 0 . 4 1 ^ ^ ,P
0 . 4 4 ^ ^ ,  0.25^~*^, and 0 . 4 1 ^ ^ .  Broad-sense individual heritabilities
estimated at three different elevations from low to high were found to
(59)be 0.49, 0.42, and 0.67 respectively . The latter estimates are 
about twice as large as the corresponding narrow-sense ones and corrobo­
rates earlier work done by Jones et a l . ^ ^  in which 42% of the total 
genotypic variation was due to non-additive gene action. The broad-sense
estimate of fresh root yield reported by L i ^ ^  is of similar size (0.44).
2As for total number of roots the reported estimates were (k  -
0 . 1 6 ^ ^  and 0 . 2 9 ^ ^ .  L i ^ ^  estimated h^ to be equal to 0.43 andP
Jong reported a broad-sense estimate of 0.40. The non-additive
(67)genetic variation in number of marketable roots amounted to 56%
However, number of roots was subject to large environmental variations.
The latter author points out that selection for number of roots within a 
single environment will nevertheless be effective. This concurs with 
the earlier cited fact that number of roots appears to be the most 
important yield contributor.
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The information about the heritability of the dry matter content
(99)appears contradictory. Soenarjo reported estimates of 0.15 and 0.39
for h? whereas J o n e s e s t i m a t e d  h^ to be equal to 0.65. Earlier work l P
by Constantin^^ , Her n a n d e z ^ ^ ,  and H a m m e t t ^ ^  gave evidence for the 
quantitative nature of the character, whereby transgressive segregation 
appeared frequently. The means of the progenies were either equal to or 
lower than the parental means.
The same conflictual information surrounds the estimates of herita-
2 (94)bility for flesh color. The estimates of h^ range from 0.05 , to
(99) 20.19 and 0.49 . The reported estimates of h^ are higher, respectively
0 . 6 6 ^ ^  and 0 . 5 3 ^ ^ .  The non-additive genetic variance is only 3 2 % ^ ^  •
The incomplete dominance of white flesh c o l o r ^ ^ ’ has been attributed
(50) (44to modifying or additive factors and to epistatic gene action ’
H e r n a n d e z ^ ^  and Constantin^^ estimated the number of genes
controlling carotene content to be equal to six.
The h^ estimates of cracking were found to be 0 . 5 1 ^ ^  and 0 . 3 7 ^ ^ .P
(  f i l  ̂The non-additive portion of the genetic variation was only 33%
It is interesting to note that some vine traits are characterized
( ^by very high narrow-sense heritability as reported by Jones and
Saladaga^^ .
GENETIC CORRELATIONS
Total fresh tuber yield is significantly associated with several
characters. It highly reflects its marketable yield portion, the corre-
(99)lation coefficient r being equal to 0.95 . It is highly dependent
(99) (57)on total number of roots, with an r-value of 0.55 and 0.45 . Its
association with total number of marketable roots is even stronger, with 
r-values ranging from 0 . 6 8 ^ ^  to 0.89^"^. This confirms once more the
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important contribution of number of roots to the achievement of root
. , , , , (56, 57, 63, 68, 79, 90, 99)yield, as mentioned previously . There is a
(94surprising high correlation of 0.56 between root yield and vine diameter
Vine diameter appears as a good indicator of general growth vigor.
Vine weight, which is also indicative of growth vigor, contributes
to the increase of dry matter content (r = 0.46) and of starch content 
(56 )(r = 0.49) . Hence, good top growth enhances the quality of the
yield. Breeding for a reduced top growth and a high harvest index may
result in loss of yield quality. High harvest indices resulted also in
(39)loss of photosynthetic efficiency . However, caution should be 
exercised as net assimilation rate decreases with increasing leaf area 
i„ d e * (1 0 6 ) .
Carotene content, as expressed by flesh color, is associated with 
root yield in an unpredictable way as reported r-values range from 
- 0 . 1 6 ^ ^  to 0 . 4 5 ^ ^ .  It is however consistently and negatively 
associated with dry matter content, with the following r-values reported: 
- 0 . 2 9 ^ ^ \  - 0 . 5 7 ^ ^ ,  and - 0 . 6 7 ^ ^ .  Flesh color is unexpectedly and
( foO
positively associated (r = 0.39) with vine diameter 
(99)Soenarjo reported a positive correlation of 0.34 between flesh
color and dry matter content.
DIRECT AND INDIRECT GENETIC ADVANCE
The direct genetic advance to be expected from mass selection will 
be proportional to the variability range and to the respective heritability 
estimates mentioned above. As for correlated genetic advance, the work 
of Jones^^^ deserves mentioning. Selecting for increased root yield 
would result in overall neutral or desirable correlated genetic responses 
in the other traits except an increase in leaf vein purpling. It is
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interesting to note that vine length and internode length will be expected 
to increase. He also reported that increasing the number of roots 
produced favorable correlated responses for the other traits. However, 
reduction of the root veining may result in an increase of cracking. 
Selection for higher carotene content will reduce the amount of flesh 
oxidation. Both the reduction of purple root skin and of cortex thickness 
decreased root yield.
MATERIALS AND METHODS
This study was undertaken in Rwanda, located in the central highland 
of Africa, one to three degrees south of the equator. Most trials were 
conducted at the different experimental stations of ISAR (Institut des 
Sciences Agronomiques du Rwanda).
The two major objectives in this study on sweet potatoes were as 
follows:
1. A genotype by environment (G X E) trial conducted in 1981, 
comparing 26 cultivars under 11 different environments.
2. Three progeny studies:
a. 1980: 18 half-sib progenies of local origin; from germplasm
material indigeneous to Rwanda;
b. 1980: 26 half-sib progenies from seeds obtained from IITA;
c. 1981: 25 progenies of different sib-relationship grown in
the swamp (lowland or poorly drained area where the 
soil is generally very wet).
GENOTYPE X ENVIRONMENT (G X E) TRIAL IN 1981
Material Used in These Studies Included 26 Cultivars Chosen as Follows:
a. Five cultivars from a first series of multilocal trials (1979-1980)
b. Seven seedlings from material selected from yield trials conducted 
in 1980 at ISAR-Rubona.
c. Fourteen seedlings selected from progenies grown at ISAR-Rubona 
(1979) and which had been yield tested in 1980, in a preliminary yield 




Table 1. Main root characteristics of the 26 clones used in the 1981 
multi-environmental (G X E) trial.




Gahungezi 1435 ISAR copper
Bukarasa 812 ISAR tan
Caroline Lee 1663 ISAR tan
TIS 2498 IITA purple
1142 INEAC copper
Caroline Lee 1666 ISAR tan
Red Jersey 1609 ISAR tan
Caroline Lee 1658 ISAR tan
Nyirakayenzi 1636 ISAR purple
Nyiramujuna 322 ISAR copper
Mugenda 1603 ISAR tan
Rusenya Rwanda purple
Nyiranjyojyo Rwanda white
Red Jersey 1612 ISAR tan

















white, A oblong sweet
white oblong dry
white, A elongated latex, dry
cream round dry
white, A elongated —
white oblong sweet, dry






Nyiramujuna 352 ISAR tan white, A oblong cortex
(thick)
TIS 2544 IITA purple white oblong moist
1132/1624 ISAR tan yellow irregular latex, mo:
Bukarasa Rwanda cream cream elongated latex
Nkondoyigisabo Rwanda purple white oblong sweet
Caroline Lee US tan salmon round —
Nsulira 1026 ISAR white white elongated moist
Caroline Lee 1668 ISAR purple cream oblong sweet
Cordes Rouges Rwanda tan yellow oblong dry
A = presence of anthocyanin
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Among the 26 cultivars, six were local accessions, four came from
IITA (International Institute for Tropical Agriculture, Ibadan, Nigeria),
f3g)
one is a very old U.S. cultivar , one was selected at INEAC (Institut
National pour les Etudes Agronomiques au Congo Beige) in Mulungu (Zaire) 
(72)by Lemarchand and 14 were selections from ISAR. One of the four
IITA accessions (cv. 2-4-2) was a seedling selected at Rubona from a 
IITA seed progeny. Also, cv. Bukarasa was probably a wild clonal 
introduction from U g a n d a b u t  named in Rwanda.
Environments
The trial was planted in 11 different environments, comprising six 
different locations (Rubona, Karama, Rwerere, Ruhengeri, Butare, Gihisi). 
The trial was repeated in three seasons in Rubona, twice in each of 
Karama, Rwerere, and Ruhengeri, and once in each of Butare and Gihisi, 
giving a total of 11 environments. In Rwanda, the three main growing 
seasons recognized were as follows;
a. Season A: the small rainy season, which spans from October
until January.
b. Season B: the great rainy season lasting from February until 
June, and
c. Season C: the dry season during July, August, and September.
In January an erratic short dry season of about three weeks generally 
occurs.
Whenever possible the trial was repeated three times within the 
same location i.e. once in November (season A), once in March (season 
B ) , and in June in the swamp (season C). Since no swamp area was readily 
available in Ruhengeri, the trial was only planted during the A and B
seasons. In Gihisi and Butare, the trial was only grown during the A
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season. The main characteristics of these six locations are shown in 
Table 2.
Experimental Design
Within each environment, the 26 cultivars were grown in two random-
2 2 ized blocks. Each plot was 4 m large and consisted of four 1 m hills,
using eight cuttings per hill. Each experimental block was surrounded
2by a guarder row of 1 m hills. In Rwanda, most planting sites were 
hilly, including the terraces, which were considered in the experimental 
design.
Data
The trials were harvested at about six and a half months, and in 
each environment, the following traits were recorded:
a. Total number of roots per plot (X);
b. Fresh root yield per plot (F);
c. Fresh vine (i.e. stems + leaves) yield per plot (S);
d. Mean root weight (Y);
e. Percent dry matter (Z); and
f. Total dry weight yield (W).
A random sample of two or three roots was taken for each of the 26 
cultivars, within each environment and analyzed for dry matter content 
(Z). Each sample of fresh roots was washed, weighed, sliced and pre-dried 
in the sun. Whenever space was available the samples were placed in the 
oven and dried at 65°C for 24 hours and subsequently weighed.
























Butare 1750 — — — — —
Rubona 1650 1171 1380 19.9 14.6 25.1
Gihisi 1750 — — — — —
Karama 1347 899 1440 21.3 14.3 28.4
Rwerere 2060 1096 836 14.3 5.9 22.6








1. Analysis of Variance
For each trait a three-way split-plot analysis of variance and
(9 3)covariance was performed using SAS-package . Both environmental and 
clonal effects were assumed fixed. The 26 clones were selected for 
their best performance at time of selection. On the other hand, environ­
ments could not be chosen at random such as to infer on the whole environ 
mental variation present in Rwanda, but were picked according to logistic 
considerations. Environments were considered as the main plots, and 
clones as the split-plots within environments (Table 3).
The linear model for this anslysis of variance is:
y. .. = u + t. + r.,.. + c. + t x c., + d. .. ijk i j(i) k lk ljk
where
u = overall grand mean
t^ = fixed effect of the i-th environment for i = 1.....£; and
where £ = 11
rj = random effect of the j-th repetition within the i-th environ
ment for j = 1....m; and where m = 2
c, = fixed effect of the k-th cultivar for k = l....n; and where n k
= 26
t x c.. = interaction effect between the i-th environment and the xk
k-th cultivar
d „ k  = random error effect corresponding to the interaction between 
repetition j and cultivar k within environment i
26





Expectations of Mean 
Squares (*)
Environments £-1 2s 2 2 + n s + nm K„£ e m £
Error (a) £(m-1) M 2s 2+ n sm e m
Subtotal (a) £m-l
Clones n-1 M 2s + £m K2n e n
Clones x environments (n-l)(£-l) M£n
2se + m K2£n
Error (b) £(m-l)(n-1) Me
2se
TOTAL £mn - 1
* ?s stands for the variance component arising from random effects while
K stands for the variance of fixed effects.
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2. Missing Data
There were a few instances of environments where one or two plots
(93)were missing. For this reason the GLM procedure of SAS-package was 
used for the analysis of variance. It computed the type III sums of 
squares according to H e n d e r s o n ^ ^  and Harvey
3. Correlations
Correlations were calculated for environments, cultivars (genotypes) 
and G X E, using the appropriate mean squares and mean products.
4. Yield Components
Dry root yield corresponded in fact to the yield parallelepiped
/ OO \ fRO ̂
according to Grafius and applied to the sweet potato by Mahungu
as follows:
W = X . Y . Z
where
X, Y, and Z were defined previously as being the number of roots 
per unit area, the average fresh root weight, and the dry matter 
content of the roots, respectively.
The correlation matrix between yield components or stress m a t r i x ^ ^  
was established and the standardized partial regression coefficients on 
yield (W) were calculated for each of the 11 environments according to 
Hamid and Grafius^"^.
5. Pathway Analysis
A pathway analysis^^’ ^  was performed on the following
traits:
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a. Dry root yield (W);
b. Number of roots per unit area (X);
c. Average fresh root weight (Y);
d. Dry matter content (Z); and
e. Vine yield (S).
Strictly spoken, only X, Y, and Z could be considered as yield components.
However, vine yield (S) was included as it contributed greatly in an
indirect way to the achievement of yield. Mahungu^0  ̂ did not include
vine yield in his pathway analysis in sweet potatoes.
Two growth development models were tested, one in which the different
(  0 0  on ̂yield components evolved in a parallel way ’ , and one in which
(43)some degree of developmental allometry has been postulated along the
following sequence: S, X, Y, Z i.e. vine yield, number of roots, average
root weight, and dry matter c o n t e n t r e s p e c t i v e l y .










In the above path diagram the double-arrowed lines indicate the mutual 
association within a pair of yield components as measured by the genotypic 
correlations r^ . The single-arrowed lines represent direct influence 
instilled on dry tuber yield as measured by path coefficients P , which
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are simply the standardized partial regression coefficients of dry tuber 
yield upon the respective yield components. The following relations 
exist between path-coefficients and correlation coefficients:
(a) rwX Pxw + r P xy yw + r P xz zw + r Pxs sw
(b) r = wy pyw + r P xy xw + r P yz zw + r P ys sw
(c) r = wz Pzw + r P xz xw + r P yz yw + r P zs sw
(d) r = ws psw + r P xs xw + r P ys yw + r P zs zw
The U-variable equals (1-R ), and stands for the unexplained amount of
variation with regard to dry root yield (W).
The path coefficients P , P , P , and P correspond to thezw xw yw sw
standardized partial regression coefficients when regressing dry matter 
yield upon each of its components using multiple regression technique. 
This procedure was applied successively on the phenotypic observations, 
the genotypic (cultivar) means, the environmental means and finally on 
the G X E effects.
2) The allometric model
j
S
The pathway coefficients are calculated as follows:
(a) r = axs
(b) r = b + aexy
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(c) r = c + baf + ef + bh + haeyz
(d) r = d + cbag + gee + gah + ic + jbe + jh + iebac + jabc
(e) = i + bag + eg + cd + jb + dfab + dfe
(f) r = h + af + be + ceaxz
(g) r e + absy
Again, multiple regression technique was used to compute the path
coefficients i.e. standardized partial regression coefficients. Regressing
W upon S, X, Y, and Z gave the path values for g, j, i, and d respectively
plus a path V accounting for the unexplained part of the causal variation.
Regressing Z upon S, X, Y yielded similarly the paths f, h, c, and U .
Regressing Y upon S and X gave paths e, b, and U . Finally path a
amounts to the ordinary correlation coefficient r between S and X,sx
2while U = 1 - rgx- This procedure was applied successively on the 
phenotypic observations, the genotpyic means, the environmental means 
and finally on the G X E effects.
6. The Genotype by Environment Analysis
Whenever G X E interactions were found to be significant in the 
analysis of variance, further analyses were done such as to characterize 
the cultivars with regard to environmental adaptation and stability.
The following parameters have been calculated:
( 26)1) The coefficient of regression according to Finlay and Wilkinson 
whereby the performances of each cultivar are regressed upon the environ­
mental means. These regression coefficients will tell whether particular 
cultivars are suitable for high-yielding or low-yielding environments;




Three progeny studies were conducted as follows:
a. In 1980: 18 half-sib progenies of local origin (local trial);
b. In 1980: 26 half-sib progenies originating from IITA (IITA
trial); and
c. In 1981: 25 progenies of different sib relationship and grown
in the swamp (swamp trial).
Nursery
For all three progeny studies the seedlings were treated in the 
following manner:
The seed was scarified with concentrated sulfuric acid for about 30 
minutes, rinsed in water and put in Petri dishes on humidified filter 
paper. Since room temperature was usually below 20°C, the Petri dishes 
were put in an incubator at 30°C to hasten pre-germination. As soon as 
the seedlings emerged from the seed coat, they were transferred to the 
nursery, and planted onto beds with well composted nursery media. Seed 
germination or seedling emergence required two to four days. Planting 
density in the nursery was 10 x 5 cm.
The nursery was shaded, however, the shade was progressively removed 
to harden the plants in order to reduce transplanting shock. The seedlings 
were transplanted to the field as soon as they had produced 6-8 leaves, 
which in Rubona required approximately two months. Contrary to most 
other sweet potato breeding programs, each entire seedling (roots inclusive) 
was transplanted to the field. This reduced costly nursery space and time 
(two months/shift), and made it possible to quickly get rid of the so called 
"weak material". Weak clones are less likely to sustain the transplanting 
shock and/or to withstand the possible drought stresses after transplanting.
Material
1. Local Trial
In this study, 1449 seedlings belonging to 18 progenies were
used. Only 66.7% of the seedlings reached maturity. The progenies are
listed in Table 4. Most progenies came from local clones. Five mother
clones originated from INEAC (Institut National pour les Etudes Agronom-
iques au Congo Beige) and two were actually IITA-seedlings selected in
Rubona at ISAR (Institut des Sciences Agronomiques du Rwanda). Clones
( 85 'iBukarasa and Nyiramujuna are probably wild introductions from Uganda 
Two of the INEAC accessions (cvs. Red Jersey and Red Brazil), were in 
fact introduced from the U.S., through the USDA quarantine service of 
Beltsville, Maryland, in the 1940’s.
2. IITA Trial
This study was conducted in 1980. Out of 1313 seedlings 
planted in the field, 997 reached maturity i.e. 75.9%. The 26 half-sib 
progenies were listed in Table 5. All progenies came from the breeding 
program of Dr. S. Hahn at IITA (International Institute for Tropical 
Agriculture, Ibadan, Nigeria), except for local progrenies Nsasagatebo, 
Bukarasa, Gahungezi, and Nsenyakaniga, as well as a progeny (Caroline 
Lee) from U.S. origin, and a progeny cv. Divir 1313, whose mother clone 
was selected at INEAC (Institut National pour les Etudes Agronomiques du 
Congo Beige).
3. Swamp Trial
This progeny study was conducted in 1981 and comprised 1625 
seedlings randomly sampled from 25 progenies. The survival rate was 
only 54.4% due to the hydromorphic conditions (i.e. the main selection
33
Table 4. Local trial 1980: Number of seedlings planted and harvested




Mother ClonePlanted Harvested %
Cordes Vertes 185 118 63.8 Rwanda
Red Jersey 194 126 64.9 INEAC
Kigingo 173 137 79.2 Rwanda
1132 14 12 85.7 INEAC
1142 11 10 90.9 INEAC
Red Brezil 13 10 76.9 INEAC
2.4.3 21 12 57.1 IITA-seedling
2.3.2 11 8 72.7 IITA-seedling
Nsulira 173 109 63.0 Rwanda
Mugenda 26 22 84.6 Rwanda
Rukocoka 22 14 63.6 Rwanda
Bukarasa 24 16 66.7 Rwanda
Nsasagatebo 97 61 62.9 Rwanda
D. Virovsky 16 219 136 62.1 INEAC
Nyiramujuna 193 122 63.2 Rwanda
Nsenyakaniga 21 16 76.2 Rwanda
Nyiranjyojyo 32 21 65.6 Rwanda
Gahungezi 20 17 85.0 Rwanda











seedlings planted and harvested
Number of Seedlings
Origin of 
Mother CloneProgeny Planted Harvested %
Tib 2 33 27 81.8 IITA
Tis 1499 22 16 72.7 IITA
Tis 5093 25 21 84.0 IITA
Tis 5081 17 15 88.2 IITA
Tis 5003 76 57 75.0 IITA
Tis 1145 100 63 63.0 IITA
Tis 5290 55 45 81.8 IITA
Tib 10 25 20 80.0 IITA
Tis 253? 22 17 77.3 IITA
TIS 2154 56 30 53.6 IITA
Tis 5090 64 45 70.3 IITA
Tib 9 13 11 84.6 IITA
Nsasagatebo 28 20 71.4 Rwanda
Tib 11 100 79 79.0 IITA
Tis 5270 77 54 70.1 IITA
Tis 3270 106 93 87.7 IITA
Bukarasa 16 12 75.0 Rwanda
Caroline Lee 29 20 69.0 US
Gahungezi 11 9 81.8 Rwanda
Tis 3017 68 55 80.9 IITA
Tis 2153 45 37 82.2 IITA
Tis 2498 100 85 85.0 IITA
Tis 2328 78 53 67.9 IITA
Tis 5192 100 79 79.0 IITA
Divir 1313 33 24 72.7 INEAC
Nsenyakaniga 14 10 71.4 Rwanda





pressure) of the swamp. The origin of most mother clones is either 
local or at least locally selected at ISAR-Rubona. Caroline Lee and Red
/ OO'j
Jersey are old U.S. clones dating back to the early part of this century 
One of the means of increasing genetic variability of the sweet
potato material has been to intercross as much as possible all 40 clones
of the existing sweet potato collection at ISAR-Rubona, in order to
enhance recombination of desirable characters available in the germplasm.
The first 14 progenies of this swamp trial (Table 6) are the result of 
this open pollinating crossing work. A particular mating design, called
(55)"progressive nested polycross design" was used in order to increase 
the recombination possibilities within a large parental breeding popula­
tion on the one hand, and to estimate additive and dominance genetic 
variation on the other hand. Four sets of seven seed gardens each, were 
established in 1979. In the first set a single recurrent pollen parent 
was used for each of the seven clones to be pollinated, in the second 
set two recurrent pollen parents were used for each of seven other 
clones to be pollinated, in the third set the recurrent pollen mix 
contained three pollen parents, and in the fourth set four pollen parents.
A total of 10 pollen parents was used, chosen either for known high 
yielding capacity or for specific desirable characters e.g. early maturity 
or orange flesh. Hence, 38 (=10 + 28) clones were intercrossed over 28 
seed gardens.
Isolation distance between seed gardens within each set was about
100 m, which is far below the recommendation of 500 m for total isola- 
(41)tion . However, part of the contaminating pollen mix within each set 
is desirable. For example, a contamination of 20% in the bi-clonal seed 
gardens with only one single recurrent pollen parent, will actually
Table 6. Swamp trial: Number of seedlings planted and harvested from 25 progenies produced by a





Number of Seedlings Origin of 
Mother 
CloneMother Clone Planted Harvested %
Nkondoyigisabo R10/2 3 29 20 69.0 Rwanda
Nkondoyigisabo R 5/6 2 46 26 56.5 Rwanda
D. Virovsky 16 R10/2 3 29 18 62.1 INEAC
Nsasagatebo R10/2 3 35 22 62.9 Rwanda
Gahungezi VK 2 3 80 41 51.2 Rwanda
P. Kicoce VK 1 2 73 41 56.2 INEAC
Nyiramujuna VK 5 2 38 14 36.8 Rwanda
Nyiramujuna VK 7 1 21 10 47.6 Rwanda
Bukarasa VK 2 2 34 16 47.1 Rwanda
Gahungezi VK 7 1 87 44 50.6 Rwanda
Nyiramujuna VK 2 2 131 55 42.0 Rwanda
Nyiramujuna VK 6 1 158 68 43.0 Rwanda
Nsasagatebo R 5/6 2 30 21 70.0 Rwanda
Nkondoyigisabo R 9/3 3 242 123 50.8 Rwanda
Nyirabusegenya FI 00 53 40 75.5 Rwanda
Gahunga FI 00 22 17 77.3 Rwanda
Ndamirabana FI 00 167 116 69.5 Rwanda
Red Jersey FI 00 34 28 82.4 US
Divir 1313/1765 FI 00 90 75 83.3 ISAR
Nyiramujuna 1772 FI CO 20 13 65.0 ISAR
Nkondoyigisabo
1760 FI oo 62 32 51.6 ISAR
1132/150 R9 00 45 18 40.0 ISAR
Nsulira 1156 R9 oo 48 18 37.5 ISAR
Tis 2154/1927 R3 oo 20 4 20.0 ISAR
Tis 5290/1885 R3 00 31 4 12.9 ISAR





correspond to an undesirable contamination of only 10%, as the other 
half is desirable pollen from the recurrent pollen parent. In the 
fourth set a 20% total contamination reduces to a mere 4% undesirable 
c o n t a m i n a t i o n ^ ^ . Unfortunately, the flowering habit of the 38 clones 
was very heterogeneous. This explains the heterogeneity of the material 
planted in this swamp trial. The number of pollinators varied between 
one and infinity, assuming that there was no selfing, or that if selfing 
did occur the seedlings were eliminated by lack of fitness. The latter 
assumption is reasonable.
Experimental Design
In all three progeny studies four randomized incomplete blocks were 
used. Within each replication the different progenies were randomized. 
However, the family members of a same progeny were grouped together 
within each replication. As can be seen from the previous Tables 4 and 
5 the number of siblings per progeny was quite variable. Families were 
divided by four to allow the same number of seedlings evenly in each 
replication. However, a minimum of 10 seedlings/progeny and per repli­
cation was imposed. If a progeny would only have, for example, 13 
seedlings, then all 13 seedlings would be planted in the first replication. 
If 22 seedlings were available for a given progeny then each of repetitions 
I and II would be allotted 11 seedlings, but none for replications III 
and IV.
As mentioned above, the whole seedling including the roots was
transplanted from the nursery into the field. The hill-plot technique
was used whereby each seedling was planted on a different hill. In 1980
2(local trial and IITA trial), the surface of each hill was 1 m . In 
1981, in the swamp trial, each hill was reduced to 75 x 75 cm = 0.5625
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m . All hills were contiguous without any guarder row in between.
Under the low-input conditions of Rwanda it took generally four months
before canopy closure was apparent between the hill grown seedlings. It
is thus only beyond that stage that intergenotypic competition between
seedlings would become of any importance. This competition is not
undesirable as sweet potato in Rwanda is always grown in varietal mixtures
(14)of at least 4-5 clones . Hence, clones should be selected which 
combine good yield potential with good c o m p e t i t i v i t y . The whole 
experimental block was surrounded by at least one guard row of sweet 
potato hills. Finally, two clonal checks (cvs. Rusenya and Caroline 
Lee) were interplanted randomly in each replication, each clone covering 
10 contiguous hills per replicate. Only one cutting/hill was planted 
thereby giving a planting density similar to that of the seedlings. In 
all three progeny studies growing period in the field was about six and 
a half months. Planting and harvest dates were as follows: For each
trial harvesting period lasted about 10 days because of the numerous 
observations made.








Feb. 12, 1980 Sept. 24, 1980
Mar. 13, 1980 Oct. 20, 1980
Jan. 5, 1981 July 23, 1981
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Data
a. 1980: In the local trial and IITA trial data obtained were as 
follows:
2-Vine weight (kg/m ): the fresh vine weight as available at
harvest time including both stems and leaves.
2-Number of roots/m : all fleshy or enlarged fleshy roots were
taken into account.
2-Fresh root tuber weight (kg/m ): all fleshy roots were
weighed without any consideration for grading.






-Sweet potato weevil (Cylas spp.) index: the following six
classes were used in grading sweet potato weevil damage:
0 - no damage
1 - punctures at the neck of the fleshy root
2 - external groves at skin surface
3 - punctures less than 1 cm deep
4 - galleries between 1 and 3 cm deep
5 - galleries throughout the fleshy root
b. 1981: Swamp trial
Vine weight, number of fleshy roots, fresh root weight, flesh 
color and sweet potato weevil index were recorded in a similar way to 
the 1980 plantings. In this test the surface area of each hill plot was











-Latex (in the fleshy root)
-Cracking
These latter five traits were recorded whenever they were obvious in the 
field.
Statistical Analyses
1. Analysis of Variance and Covariance
The analysis of variance and covariance was conducted on all
(93)continuous traits, using SAS-package and its GLM facility together
with Harvey's procedure^^^ of estimating variance and covariance compo-
(49)nents in unbalanced situations according to Henderson's method III 
(Table 7). The linear model can be written as follows:
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Table 7. Analysis of variance in the progeny studies.
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b. and d are variable numbers of replication and of individuals, 
respectively.




u = overall mean
r. = random effect of the i-th replication for i = 1 .... b x
Pj = random effect of the j-th progeny for j = 1 .... f
e . . = the random interaction effect between the i-th replication ij
and the
j-th progeny
s. ., = random sampling effect associated with the k-th individual ljk
within the i-th replication belonging to the j-th progeny, 
for k = 1 .... d
Note that the total number of replicates b, and the total number of 
individuals d, vary according to the progeny.
2. Genetic Correlations
For the two 1980 trials the additive genetic correlations have 
been calculated as follows:
s
^x.y (Falconer25.
r . =  ------------------ 1--------------  JA s . sP P x y
where:
s = covariance component at the progeny level, between traits
^x.y x and y.
s , s = square root of corresponding variance components respec- 
^x ^y tively for x and for y.
As for the 1981 swamp trial, the correlations were calculated the 
same way. However, the correlations were slightly different from the 
additive genetic correlations, as the sib-relationship within progenies 
was heterogeneous.
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3• Heritability and Co-heritability
2For the two 1980 trials, the progeny variance component
2equals one quarter of the additive genetic variance (s ). The herit-
n
2ability of the additive effects on an individual basis (h ) is computed
(25)by Falconer's formula :
o / 2 2




Sph = phenotypic variance = total variance
The additive genetic coefficient of variation GCV is equal to the 
square root of the additive genetic variance expressed as a percentage 
of the mean.
The term co-heritability has been used to describe the degree that 
a particular association between two traits is inheritable, which a 
genetic correlation does not. The formula is:
4 x s s
h = Px.y = x.y (54)x.y ------------ 2---   1--
SPh sPhx.y x.y
where:
h = co-heritability of the additive effects of the association x.y
between traits x and y. 
s sA , Ph = additive and total covariance components, respectively, x.y x.y
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4. Genetic Advance and Correlated Genetic Advance
The expected gain was calcualted from:
R = x 100 (25)
u
where:
S = selection differential = difference between the average of 
the selected clones and the overall mean.
The correlated genetic advance also calcualted on the basis of the 
selection differential, as follows:
CR = S h (54)Y x.y
where:
CR = correlated genetic advance in trait y when selection is 
performed on trait x.
S = selection differential in trait y.y
h = co-heritability. x.y
To reduce micro-environmental bias, the grid system of Gardner^  ̂
was used, in which the ten best hills out of each successive hundred 
hills was selected.
5. Estimation of the Genetic Variance Components in the 1981 Swamp 
Trial
The progenies originated from seed gardens with different numbers 
of pollinators. Some progenies were full-sib progenies, some were 
half-sib progenies, the others being in between. The covariance among 
relatives in polycross progenies will change according to the number of 
pollinators. The following formula has been proposed by B a r n e s ^ ^ :
Sp = [1/4 + 1/(4m)] s^ + 1/(4m)
where:
m = number of pollinators
2It follows that the variance within polycross (sg) progenies will vary 
in a complementary way, as follows:
s2s = [3/4 1/ (4m) ] s* + [1 - 1/(4m)] s2
In the swamp trial, the genetic content of each within progeny



















oo Half sib 2ssoo
9/12 12/12
The within progeny environmental variance component will be assumed
to be constant. A multiple regression can be run in order to find both
(55)the additive variance and the dominance variance . If no solution
2could be found then the total genotypic variance (s ) was estimated asU
follows:
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it 2 2 >. 24(s - s ) = s
so= si G
where:
2s = total sampling variance within the set of half-sib progenies. 
00
2s = total sampling variance within the set of full-sib progenies. 
S1
If the means of the two sets of progenies were significantly different,
then it was necessary to rescale the sampling variance of the full-sib
2 . (59)progenies s by way of the coefficient of variation
2 ’ _ rv2 2 s = CV„ u s 1 t»
where:
u^ = the overall mean of the set of half-sib progenies.
CV^ = the coefficient of sampling variation within the set of 
full-sib progenies.
After rescaling, the total genotypic variance was:
2 - / ( 2 2 \  s = 4 (s s )G s s„00 1
From this it will be possible to estimate the broad-sense heritability 
as follows:




2Spk = total variance in the 1981 swamp trial.
EXPERIMENTAL RESULTS
GENOTYPE BY ENVIRONMENT STUDY 
Analysis of Variance
The analysis of variance for each of the six traits is presented in 
Table 8. All six traits had highly significant differences among environ­
ments. Except for average root weight, all other five traits showed 
highly significant differences among cultivars. In the cultivar by 
environment interaction (G x E) highly significant differences were 
observed for vine yield, fresh root yield, number of roots, and dry 
matter yield. Except for °/0 dry matter the coefficients of variation 
(CV) were high ranging from 40-100°/o. The average root weight appeared 
to be highly influenced by micro-environmental variation.
The analyses of variance for each environment and each trait are 
given in Tables 9-13. In only two environments, Karama B and Rwerere B, 
cultivars showed no significant differences for vine yield (Table 9).
As for yield of fleshy roots (Table 10), the cultivars were significantly 
different in only four environments (Rubona A, Karama C, Rwerere B, and 
Rwerere C). When grown under swampy conditions (season C) cultivar 
differences were more likely to be expressed than on the hill (seasons 
A and B ) . The same four environments together with Rubona C were 
conducive to significant cultivar differences for number of roots 
(Table 11). The CV for number of roots was consistently smaller than 
the CV's for vine yield and fresh root yield (Tables 9-11), suggesting 
that number of roots was less subject to micro-environmental variation.
In eight out of the 11 environments the character "mean weight of root" 
was nonsignificant for differences among cultivars (Table 12). It was
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Table 9. Analysis of variance for vine yield within each of the 11
environments in the G x E trial.
Environment




kg/4 mRep. Cultivar Error Rep. Cultivar
Rubona A 1 25 25 663.2“ 294.8“ 69.0 17.05
Rubona B 1 25 25 41.9"“ 8.9““ 31.6 4.77
Rubona C 1 25 25 0.2 14.5“’' 42.7 4.07
Karama B 1 25 25 8.7 2.6 58.8 3.00
Karama C 1 25 25 94.8“ 54.5““ 34.9 10.17
Rwerere B 1 25 25 10.4“ 12.6“ 40.9 3.71
Rwerere C 1 25 24 2.0 4.5 118.8 1.70
Ruhengeri A 1 25 20 226.3“ 258.4““ 54.8 15.61
Ruhengeri B 1 25 24 47.4 124.8““ 58.6 9.59
Gihisi A 1 25 23 84.0“ 116.7““ 44.8 6.44
Butare A 1 24 21 141.8 759.4"“ 64.2 19.06
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Table 10. Analysis of variance for yield of fleshy roots within each of
the 11 environments in the G x E trial.
Environment




kg/4 mRep. Cultivar Error Rep. Cultivar
Rubona A 1 25 25 119.41“ 42.04" 36.9 10.96
Rubona B 1 25 25 52.60" " 5.09 39.2 5.52
Rubona C 1 25 25 132.80" 5.89 44.6 4.65
Karama B 1 25 25 0.04 0.80 64.6 1.43
Karama C 1 25 25 0.32 19.12"" 38.2 6.85
Rwerere B 1 25 25 3.45 2.33"" 63.6 1.44
Rwerere C 1 25 24 1.12“ 0.44“ 53.7 0.86
Ruhengeri A 1 24 20 73.60 19.60 56.5 7.73
Ruhengeri B 1 25 24 4.15 8.00 44.5 4.87
Gihisi A 1 25 23 7.05 17.25 54.5 6.36
Butare A 1 24 21 9.09 16.43 54.0 7.01
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Table 11. Analysis of variance for number of roots within each of the
11 environments in the G x E trial.
Environment




N o ./4 mRep. Cultivar Error Rep. Cultivar
Rubona A 1 25 25 1035 3290“ 30.7 93.6
Rubona B 1 25 25 1957 709 22.5 89.5
Rubona C 1 25 25 19192* 2412"" 33.0 74.5
Karama B 1 25 25 120 368 70.3 29.9
Karama C 1 25 25 263
.Am.*-
994““ 30.5 53.2
Rwerere B 1 25 25 1908*'“ 500 “ 43.6 27.7
Rwerere C 1 25 24 1031 344““ 35.5 27.8
Ruhengeri A 1 24 20 7982“ 1521 49.6 63.9
Ruhengeri B 1 25 24 24 5524 39.0 34.1
Gihisi A 1 25 25 2145 767 55.8 64.4
Butare A 1 24 21 1364 1218“ 35.3 61.1
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Table 12. Analysis of variance for mean weight of root within each of
the 11 environments in the G x E trial.
Environment








g/rootRep. Cultivar Error Rep. Cultivar
Rubona A 1 25 25 32.29* ' 5.72* ' 31.3 128
Rubona B 1 25 25 2.17 0.39 24.8 61
Rubona C 1 25 25 2.03“ 0.55 30.0 63
Karama B 1 25 25 11.39 717.56 261.5 112
Karama C 1 25 25 0.06 4.00 34.4 139
Rwerere B 1 25 25 0.14 0.81 41.8 49
Rwerere C 1 25 24 0.00 0.19 40.3 31
Ruhengeri A 1 24 20 4.65 3.41 36.9 130
Ruhengeri B 1 25 24 6.11" 5.76WW 22.7 147
Gihisi A 1 25 23 0.47 2.95 39.3 102
Butare A 1 24 21 1.22 5.00"" 27.20 116
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Table 13. Analysis of variance for dry matter yield of fleshy roots
within each of the 11 environments in the G x E trial.
Environment




kg/4 mRep. Cultivar Error Rep. Cultivar
Rubona A 1 25 25 9.537'' 4.474,r" 37.0 3.064
Rubona B 1 25 25 3.830 " 0.217 39.7 1.596
Rubona C 1 25 25 16.664' " 0.800 47.8 1.593
Karama B 1 25 25 0.002 0.069 64.0 0.373
Karama C 1 25 25 0.073 1.369''" 39.4 1.781
Rwerere B 1 25 25 0.189 0.229"“ 61.9 0.394
Rwerere C 1 25 24 0.109'' 0.054“ 51.3 0.291
Ruhengeri A 1 22 19 3.696 1.637 52.6 2.027
Ruhengeri B 1 25 24 0.302 0.809“ 45.3 1.396
Gihisi A 1 24 22 1.616 2.379 52.4 2.230
Butare A 1 24 21 0.659 1.961 55.7 2.102
either subject to little genetical control or the character could only 
be fully expressed in high yielding environments as in Rubona A, Ruhenger 
B, or Butare A (Tables 10 and 12). The observations for dry matter 
yield corresponded well with the closely related trait "fresh root 
yield" (Tables 10 and 13).
Relative importance (%) of the variance 





Fresh root yield 77.3 3.2 19.5
Vine yield 36.7 28.3 35.1
Number of roots 62.7 12.5 24.8
Average root weight 86.7 13.3 0.0
% dry matter 34.6 35.3 30.1
Dry matter yield 68.6 8.9 22.5
The G x E variance component was higher than the variance component 
for cultivars in the following traits: fresh root yield, vine yield,
number of roots, and dry matter yield.
Environmental Performances
The summary of 11 environments for several yield components is
2shown in Table 14. The highest dry matter yield (3.06 kg/4 m or 7650 
kg/ha) was achieved in the Rubona A area, whereby all yield components 
largely exceeded the overall mean except for dry matter content (Table 
14). Lowest dry matter yield w.as recorded at Rwerere, both for seasons 
B and C confirming the fact that sweet potato production above 2000 m 
elevation was affected adversely by cold stress (Table 2). Dry matter
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Table 14. Summary of the 11 environmental means for several yield 




















Rubona A 17.05 10.96 93.6 128 27.52 3.06
Rubona B 4.77 5.52 89.5 61 29.75 1.60
Rubona C 4.07 4.65 74.5 63 34.06 1.59
Karama B 2.97 1.43 29.9 112 25.86 0.37
Karama C 10.17 6.85 53.2 139 26.38 1.78
Rwerere B 3.71 1.44 27 .7 49 27.12 0.39
Rwerere C 1.70 0.86 27.8 31 34.09 0.29
Ruhengeri A 15.61 7.73 63.9 130 26.68 2.03
Ruhengeri B 9.59 4.87 34.1 147 28.16 1.40
Gihisi A 6.44 6.36 64.4 102 35.86 2.23
Butare A 19.06 7.01 61.1 116 29.39 2.10
Mean 8.50 5.21 56.3 98 29.55 1.52
LSD (.05) 4.86 2.68 25.7 33 2.52 0.81
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content of fleshy roots did not appear to be adversely affected by cold 
conditions. Drought stress was severe during the second part of the 
growing season in environment Karama B (Table 2). All yield components 
were below average except for the average root weight. It seems as if 
the sweet potato adapts to drought stress by shedding excessive leaves, 
reducing the number of roots for dry matter bulking. The lower dry 
matter content (25.86%) may be the result of an excessively reduced leaf 
canopy (Table 14). In the same location but under swampy conditions 
(Karama C) about the same average root weight (139 g/root) as above was 
complemented with superior vine yield and number of roots, the dry 
matter content (26.38%) remaining low as would be expected from hydro- 
morphic conditions. However, in the two other swamp trials (Rubona C 
and Rwerere C), dry matter content was above average 34.06% and 34.09%, 
respectively (Table 14). The high clay content of the latter two swamp 
soils may have adversely affected the expansion of the sweet potato root 
sink. It was interesting to note that two environments, Rubona B and 
Ruhengeri B, located at different elevations (Table 2), achieved about 
the same dry matter yield through different ways. In Rubona B, dry 
matter yield resulted mainly from a higher number of roots, whereas in 
Ruhenger B, vine yield and average root weight seemed to be the most 
active yield components (Table 14).
Performances of the Different Cultivars
In Tables 15 and 16 were shown the cultivar mean performances for
six traits as an average of 11 environments. Three cultivars produced
2more than 5T (2 kg/4 m ) of dry matter per ha. Rusenya produced 2.48 kg 
2of dry matter/4 m , Anne-Marie (2.17), and Nyiramujuna 322 (2.04).
These were impressive yields in view of the low-input from growing
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Table 15. Cultivar mean performances for six traits as an average of 11 





















Rusenya 15.0 7.21 71 95 33.8 2.48
Caroline lee 4.8 6.06 66 92 29.7 1.78
Bukarasa 13.0 4.85 54 89 31.8 1.53
Cordes Rouges 24.8 5.24 35 131 28.9 1.55
Nyiranjyojyo 7.8 5.96 53 102 34.2 1.93
TIS 2534 4.6 5.52 65 85 24.3 1.34
Nkondoyigisabo 15.9 5.32 52 110 29.1 1.48
TIS 2544 4.9 6.39 61 101 25.8 1.63
Anne-Marie 18.4 6.84 80 94 31.2 2.17
2-4-2 3.3 3.91 50 82 20.8 0.83
TIS 2498 2.9 5.42 49 107 29.9 1.64
1142 2.7 4.11 41 103 23.3 0.93
Red Jersey 1609 4.2 3.76 40 110 29.2 1.10
Caroline Lee 1658 8.7 5.12 71 75 31.6 1.48
Nyirakayenzi 1636 6.2 3.93 40 98 34.2 1.38
Nyiramujuna 322 14.2 6.75 53 197 31.9 2.04
Nyiramujuna 352 7.0 4.93 63 77 30.7 1.45
Bukarasa 812 5.0 5.30 59 91 29.1 1.55
Nsulira 1026 6.8 5.64 82 82 29.2 1.60
Gahungezi 1435 5.5 4.76 48 114 31.8 1.45
Mugenda 1603 11.5 3.80 53 57 26.9 1.06
Red Jersey 1612 4.8 4.30 74 71 30.9 1.33
1132/1624 4.2 5.28 56 95 23.3 1.24
Caroline Lee 1663 6.5 3.82 44 87 35.0 1.27
Caroline Lee 1666 8.2 6.02 53 96 33.0 1.90
Caroline Lee 1668 8.6 4.77 50 90 30.4 1.16
Mean 8.5 5.21 56 98 29.5 1.52
LSD (.05) 3.7 1.66 .. 13.6 59 3.9 0.48
Table 16. Yield components expressed as a fraction of the respective 















Rusenya 1.76 1.27 0.97 1.15 1.63
Caroline Lee 0.56 1.18 0.94 1.01 1.17
Bukarasa 1.53 0.96 0.91 1.08 1.01
Cordes Rouges 2.92 0.62 1.34 0.98 1.02
Nyiranjyojyo 0.92 0.95 1.04 1.16 1.27
TIS 2534 0.54 1.16 0.87 0.82 0.88
Nkondoyigisabo 1.87 0.93 1.12 0.99 0.9 T
TIS 2544 0.58 1.09 1.03 0.87 1.07
Anne-Marie 2.16 1.43 0.96 1.06 1.43
2-4-2 0.39 0.89 0.84 0.71 0.55
TIS 2498 0.34 0.87 1.09 1.01 1.08
1142 0.32 0.73 1.05 0.79 0.61
Red Jersey 1609 0.49 0.71 1.12 0.99 0.72
Caroline Lee 1658 1.02 1.27 0.77 1.07 0.97
Nyirankayenzi 1636 0.73 0.71 1.00 1.16 0.91
Nyiramujuna 322 1.67 0.95 2.01 1.08 1.34
Nyiramujuna 352 0.82 1.12 0.79 1.04 0.95
Bukarasa 812 0.59 1.05 0.93 0.99 1.02
Nsulira 1026 0.80 1.46 0.84 0.99 1.05
Gahungezi 1435 0.65 0.86 1.16 1.08 0.95
Mugenda 1603 1.35 0.95 0.58 0.91 0.70
Red Jersey 1612 0.56 1.32 0.72 1.05 0.87
1132/1624 0.49 1.00 0.97 0.79 0.82
Caroline Lee 1663 0.76 0.79 0.89 1.19 0.84
Caroline Lee 1666 0.96 0.95 0.98 1.12 1.25
Caroline Lee 1668 1.01 0.89 0.92 1.03 0.76
Mean 1.00 1.00 1.00 1.00 1.00
Mean (in units) 8.5 „ 56 98 29.5 1.52
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conditions of most of the 11 environments, and considering the wide
range of agro-ecological conditions (Tables 2 and 15). Cultivar "Cordes
2Rouges" achieved an especially impressive vine yield of 24.8 kg/4 m 
which amounted to 62 T/ha, as an average of 11 varying environments, 
some of them being totally deleterious to cv "Cordes Rouges", as it 
neither withstands cold nor drought stresses. The latter cultivar 
lacked the ability to produce or set a large number of roots (Table 15). 
This deficiency was however offset by a larger average root weight (131 
g/root). The largest root yield was produced by a newly selected cultivar 
"Nyiramujuna 322", with an average of about 200 g per root. Highest dry 
matter content was found in two poor yielders, cvs. Caroline Lee 1663 
(35.0%) and Nyirakayenzi 1636 (34.2) but high dry matter content was 
also found in good yielders as cvs. Rusenya (33.8) and Nyiranjyojyo 
(34.2). The latter cultivar was known to perform well in wet conditions
between 1600 m and 2000 m of elevation (Tables 2 and 15). The same
yield components were expressed as a fraction of their respective overall 
means in Table 16. It appeared that the three best dry matter yielders, 
cvs. Rusenya, Anne-Marie, and Nyiramujuna 322, had all above average 
vine yield. However, they achieved dry matter yield in a different way: 
the two first ones developed above average number of roots, whereas the 
third one obtained its dry matter yield superiority from fewer but large
sized roots (Table 16).
Only few cultivars had performances for all their components which 
were equal to the respective mean of the trait. A balanced outlay of 
yield components was best approximated by cvs. Caroline 1666 and 
Nyiranjyojyo (Table 16). The three cultivars originating from IITA (TIS 
2534, TIS 2544, TIS 2498) were all poor vine yielders under the environ­
mental conditions of Rwanda.
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The Environmental Stability of the Cultivars
( 9 A ^The linear regression coefficients according to Finlay and Wilkinson
are given in Table 17. They may be interpreted as the linear response
of a cultivar to the growing conditions that prevailed for the particular
character. It should be reminded that the optimum growing conditions
may differ according to the particular yield component (Table 14).
Cultivars Nyiranjyjyo and Caroline Lee 1666 tended to have response
slopes of similar size for each of their components as well as for the
dry matter yield (Table 17). Among the three best cultivars, it was cv.
Nyiramujuna 322 which showed the highest positive response to better
growing conditions for dry matter yield (b = 1.81), whereas cv. Anne-Marie
was more consistent across environments (1.38). In concomitant source-sink
grafting experiments (not reported here) the latter cultivar exhibited
poor tuber sink potential. Hence it was no surprise to see that cv.
Anne-Marie responded poorly to increasing growing conditions for average
root weight (0.79) and for dry matter content (0.40). Its poor tuber
sink ability was however compensated by a good response for number of
roots (1.24). On the contrary, cv. Nyiramujuna 322 showed a tremendous
tuber sink potential as it. highly responded to better growing conditions
for average root weight (2.60) and dry matter content (1.43) (Table 17).
The question remained whether their linear responses were subject to
deviations from linearity. The deviation mean squares from linearity (d)
(23)according to Eberhart and Russell will indicate the degree to which 
the linear response is consistent and representative of stability (Table
18). Comparing Table 18 with Table 15 it was apparent that these d 
values were mean dependent i.e. higher performers tended to have higher 
deviation mean squares. Therefore it was more appropriate to express
Table 17. Regression coefficients of tjje performances of each cultivar 
upon the environmental index for each yield component in 















Rusenya 1.75 0.87 0.73 0.99 1.69
Caroline Lee 0.33 0.90 0.52 1.07 0.94
Bukarasa 1.66 0.81 0.66 1.23 0.85
Cordes Rouges 4.08 0.67 1.64 1.30 1.14
Nyiranjyojyo 1.18 0.88 1.30 1.05 1.55
TIS 2534 0.49 0.84 0.58 0.96 0.77
Nkondoyigisabo 2.09 0.77 1.88 0.72 1.39
TIS 2544 0.47 1.09 0.85 0.76 1.00
Anne-Marie 1.77 1.24 0.79 0.40 1.38
2-4-2 0.09 1.05 0.52 0.78 0.26
TIS 2498 0.31 0.56 1.15 0.41 0.87
1142 0.33 0.89 1.13 0.64 0.64
Red Jersey 1609 0.33 0.43 0.89 1.12 0.34
Caroline Lee 1658 0.81 1.15 0.76 1.15 0.68
Nyirankayenzi 1636 1.47 0.51 1.39 1.19 0.82
Nyiramujuna 322 2.11 0.85 2.60 1.43 1.81
Nyiramujuna 352 0.86 1.38 0.77 1.30 1.16
Bukarasa 812 0.23 1.15 0.75 1.21 0.74
Nsulira 1026 0.40 1.61 0.66 1.53 1.07
Gahungezi 1435 0.68 0.93 1.17 1.43 0.90
Mugenda 1603 0.84 1.52 0.49 -0.06 1.03
Red Jersey 1612 0.31 1.93 0.72 0.47 0.85
1132/1624 0.35 1.20 0.70 0.72 0.97
Caroline Lee 1663 0.73 1.07 0.93 1.46 0.86
Caroline Lee 1666 1.10 " 0.76 1.20 1.38 1.37
Caroline Lee 1668 0.97 0.82 1.29 1.09 0.87
Environmental index 
environment.
= mean performance of 26 cultivars within each
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Table 18. Stability coefficient (d) for each cultivar and yield 


















Rusenya 26.5 236 915 979 536
Caroline Lee 13.9 289 636 857 256
Bukarasa 111.9 217 1100 3390 734
Cordes Rouges 157.8 205 2798 372 163
Nyiranjyojyo 14.9 191 1561 557 604
TIS 2534 4.3 441 589 2239 231
Nkondoyigisabo 9.6 413 4363 737 630
TIS 2544 3.4 221 813 297 654
Anne-Marie 74.8 719 789 1129 283
2-4-2 2.9 674 657 981 420
TIS 2498 2.5 266 3238 806 1266
1142 3.0 273 623 464 120
Red Jersey 1609 2.3 445 3392 822 241
Caroline Lee 1658 9.3 94 418 1841 195
Nyirankayenzi 1636 10.6 631 2003 571 1656
Nyiramujuna 322 8.1 239 75202 355 900
Nyiramujuna 352 3.1 398 906 873 339
Bukarasa 812 7.9 336 663 626 344
Nsulira 1026 15.9 543 1765 258 133
Gahungezi 1435 0.6 212 2928 928 104
Mugenda 1603 58.3 935 798 1776 770
Red Jersey 1612 14.4 1157 876 160 293
1132/1624 4.9 905 1975 286 218
Caroline Lee 1663 10.8 323 623 1560 266
Caroline Lee 1666 28.0 374 1439 378 1097
Caroline Lee 1668 31.6 231 618 238 289
* (23)Analysis as per Eberhart and Russell showing mean square deviation
from linearity; the lower the value the greater the stability.
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the deviation mean squares from linearity as a coefficient of variation 
with respect to the mean performance of the respective cultivar (Table
19). Among the three best yielding cultivars, Anne-Marie was the more 
consistent performer for dry matter yield not only because of a low CV 
(24.6) but also because of a response slope which was closest to unit 
regression. Conversely, cv. Nyiramujuna 322 was the most unstable due 
to a high CV (46.5) and a high response slope (Tables 17 and 19). 
Instability in each of the yield components i.e. non-unit slopes and 
high CV values, did not necessarily result in instability of the dry 
matter yield as exemplified by CV Cordes Rouges. However, there seemed 
to exist a positive relationship (r = 0.66) between number of roots and 
dry matter yield as far as departures from linearity were concerned 
(Table 19).
Correlations
The correlations between yield components are presented in Tables 
20 and 21. The genotypic mean square correlations between the different 
yield components showed the importance of vine yield and number of roots 
in the achievement of dry matter yield. The correlation coefficients 
being 0.51 and 0.67 respectively (Table 20; upper triangle). Average 
root weight and % dry matter were only moderately associated with dry 
matter yield with correlations of 0.34 and 0.19 respectively. The very 
high correlation between dry matter yield and fresh root yield (0.96) 
was an indication that the fluctuation in % dry matter was only of small 
size, as pointed earlier in the analysis of variance (Table 8). The 
associations among the four yield components were either neutral or 
small, suggesting that competition between the yield components was 
actually small (Table 20). The phenotypic correlations were of the same
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Table 19. Coefficient of variation of the deviation from linearity for















Rusenya 34.2 21.7 31.9 9.3 29.5
Caroline Lee 80.1 26.2 27.7 9.8 29.1
Bukarasa 81.6 27.4 37.4 18.3 56.0
Cordes Rouges 50.6 40.7 40.5 6.7 26.1
Nyiranjyojyo 49.4 26.2 38.6 6.9 40.2
TIS 2534 45.2 32.5 28.4 19.5 35.8
Nkondoyigisabo 19.8 40.9 60.1 9.3 53.7
TIS 2544 37.3 24.3 28.2 6.7 49.6
Anne-Marie 46.9 33.7 29.8 10.8 24.6
2-4-2 52. 1 51.6 31.4 15.1 78.1
TIS 2498 54.7 33.6 53.0 9.5 68.7
1142 64.1 40.0 24.2 9.3 37.2
Red Jersey 1609 35.9 52.0 52.9 9.8 44.1
Caroline Lee 1658 35.9 13.8 26.2 13.6 29.4
Nyirankayenzi 1636 52.7 62.3 45.5 7.0 93.1
Nyiramujuna 322 20.2 29.2 139.5 5.9 46.5
Nyiramujuna 352 24.0 30.8 38.5 9.7 38.2
Bukarasa 812 55.6 31.5 27.9 8.7 38.2
Nsulira 1026 61.3 28.7 51.6 5.5 22.9
Gahungezi 1435 13.9 30.1 47.3 9.6 22.3
Mugenda 1603 66.7 57.7 49.3 15.6 83.2
Red Jersey 1612 82.7 47.1 42.6 4.1 42.0
1132/1624 52.6 53.6 46.9 7.3 37.7
Caroline Lee 1663 68.0 42.1 29.3 11.3 40.8
Caroline Lee 1666 64.7 36.3 39.6 5.9 55.9
Caroline Lee 1668 71.9 34.7 29.0 5.1 46.4
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Table 20. Genotypic (upper triangle) and phenotypic (lower triangle) 



























































magnitude as the corresponding genotypic mean square correlations (Table 
20; lower Triangle).
Strong positive associations existed between the environmental 
means for dry matter yield and vine yield (0.77), number of roots (0.82) 
and average root weight (0.56) (Table 21; upper triangle). A high 
positive association existed between vine yield and average root weight 
(0.69), and these two traits were each negatively correlated with % dry 
matter. Hence, environments with high vine yield and high average root 
weight tended to have a low dry matter content. Low dry matter content 
seemed to be the result of a low competition for environmental resources 
(Tables 14 and 21). The G X E mean square correlations were presented 
in Table 21 (lower triangle). There was a strong correlation between 
number of roots and dry matter yield (r = 0.50). All other yield compo­
nents had small, though significant, and positive correlations with dry 
matter yield (Table 21; lower triangle). Correlations between yield 
components were generally neutral, except for number of roots which was 
positively associated with vine yield (r = 0.23). The other G X E mean 
square correlations were small but usually positive (Table 21; lower 
triangle). This suggested, that generally the competition between the 
different yield components for environmental resources was, if not 
absent, at least rather small.
Within each environment the dry matter yield was strongly and 
positively associated with number of roots, to some degree with vine 
yield and average root weight, and only moderately with dry matter 
content (Table 22). In the higher elevations (Rwerere and Ruhengeri; 
Table 2) the associations between number of roots, vine yield and dry 
matter yield all tended to be stronger than in the lower environments
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Table 21. Environmental (upper triangle) and G x E (lower triangle)
mean square correlations between the yield components in the 














Dry Matter Yield 0.77 0.82 0.56 0.03
Vine Yield 0.28 0.44 0.69 ■0.38
Number of Roots 0.50 0.23 0.14 0.14
Average Root Weight 0.19 0.07 -0.12 -0.52
% Dry Matter 0.14 -0.02 0.03 -0.04
Table 22. Phenotypic correlations between yield components within each environment in G x E Trial.































Rubona A 0.01 0.09 -0.37"“ 0.46““ 0.28“ 0.3l“ 0.25 0.12 0.43“" 0.50““
Rubpna B 0.21 -0.30 0.08 0.60 -0.11 0.35““ 0.36““ -0.25 0.00 0.73““
Rubona C 0.04 0.16 -0.06 0.73““ 0.07 0.10 0.22 -0.15 0.29“ 0.49““
Karama B 0.15 0.12 -0.35““ 0.09 0.15 -0.10 0.29“ 0.03 0.32 0.20
Karama C 0.13 -0.37“'V V-,A*-0.40 ““ 0.39““ 0.15 0.17 0.34“ 0.15 0.19 0.52““
Rwerere B 0.65 0.25 0.18 0.87““ 0.32“ 0.18 0.7l“ -0.25 0.26 0.49"“
Rwerere C 0.62''“ 0.01 0.03 0.80 0.03 0.11 0.56““ -0.15 0.08 0.52““
Ruhengeri A 0.40 0.15 -0.30“ 0.75““ 0.10 0.07 0.47““ -0.17 0.29 0.21
Ruhengeri B 0.05 0.11 -0.16 0.70 0.37“' 0.33“ 0.35“ 0.29“ 0.43““ 0.48““
Gihisi A 0.18 -0.04 -0.24 0.6l““ 0.03 0.12 0.23 0.04 0.19 0.52““
Butare A 0.26 0.28 -0.05 0.72““ 0.24 0.13 0.25 0.07 0.48““ 0.51
O'00
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(Table 22). At low elevation (Karama) number of roots showed little 
association with dry matter yield, and was moreover generally negatively 
associated with dry matter content and average root weight.
In high yielding environments (Rubona A, Butare A, and Gihisi A), 
phenotypic correlations between vine yield and dry matter yield were 
low, suggesting that the source was not the limiting production factor 
in such environments.
Pathway Analysis
To have a better understanding of the actual contribution of each 
yield component to the achievement of dry matter yield, the phenotypic 
standardized regression coefficients were calculated for dry matter 
yield upon each of the yield components as shown in Table 23. Within 
each environment the coefficient of determination was quite high except 
in Karama B, where drought stress was most severe. Within each environ­
ment, vine yield appeared as a very poor dry matter yield contributor, 
dry matter content as a moderate contributor, average root weight as 
strong, and number of roots as a very strong contributor (Table 23).
The overall analysis confirms the paramount importance of number of 
roots in the achievement of dry matter yield (0.635). However, the 
contribution of vine yield (0.221) appeared more important than that of 
dry matter content (0.150), contrary to the general trend within each of 
the 11 environments (Table 23). Moreover the overall coefficient of 
determination (0.64) was smaller than one would have expected from the 
figures within each environment.
To better understand the actual relationship between yield and its 
yield components across environments, pathway analysis was performed for
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Table 23. Phenotypic standardized partial regression coefficients of 
dry matter yield upon yield components within each environ­
















Rubona A -0.067 0.708 0.744 0.295 0.81
Rubona B -0.013 0.651 0.778 0.386 0.95
Rubona C 0.120 0.714 0.560 0.246 0.89
Karama B 0.259 0.115 0.253 0.256 0.22
Karama C 0.048 0.835 0.787 0.375 0.83
Rwerere B 0.168 0.664 0.364 0.126 0.91
Rwerere C 0.031 0.762 0.521 0.151 0.91
Ruhengeri A 0.047 0.848 0.503 0.244 0.84
Ruhengeri B 0.081 0.763 0.523 0.169 0.89
Gihisi A 0.033 0.766 0.682 0.160 0.89
Butare A -0.068 0.695 0.529 0.265 0.88
Mean 0.221 0.635 0.312 0.150 0.64
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each of the relevant sources of variation i.e. environments, cultivars,
G X E and finally phenotypic observations.
In the parallel model, where the different yield components were 
assumed to contribute simultaneously to dry matter yield (See Material 
and Methods), the coefficient of determination varied according to the 
source of variation (Figure 1). For environments, the lack of determi­
nation was only 0.037, for cultivars 0.308, for phenotypes 0.358, and 
for G X E it was as high as 0.648 (Figure 1). The paths between vine 
yield (S) and dry matter yield (W) increased from G X E (0.156) to 
phenotypic (0.221), to genotypic (0.267) and finally to environmental 
(0.361) sources of variation. Similarly, the paths between dry matter 
content (Z) and dry matter yield (W) as well as between average root 
weight (Y) and dry matter yield (W) increased their causal relationship 
from G X E to environmental sources of variation. Conversely, the path 
between average number of roots (X) and dry matter yield (W), while 
remaining the major path, decreased from phenotypic to G X E sources of 
variation (Figure 1). Similar and consistent trends existed between the 
different paths among the four yield components. The latter paths did 
correspond to the correlation coefficients as shown earlier (Tables 20 
and 21).
The pathway analysis applied upon the G X E effects showed a great 
amount of undetermination (U = 0.648). Hence, the G X E effects of dry 
matter yield were little determined by the yield components. The strongest 
contribution came from number of roots (0.485), and to a lesser degree 
from average root weight (0.246). Earlier deviations from linearity for 
number of roots were found to be related with the corresponding values 
for dry matter yield (Table 19). To test this relative independence
Figure 1. Pathway analysis for the phenotypic, genotypic, environmental and G X E performances of the
yield comporents as related to dry matter yield (W) (Parallel Model).*




































S, X, Y, Z, U = vine yield, number of roots, average root weight, % dry matter, and undetermination 
respectively.
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between the yield components, a pathway analysis was run on each cultivar 
separately. The standardized regression coefficients for the three best 








Rusenya 0.047 0.210 0.416 0.470 0.732
Anne-Marie 0.445 0.716 0.674 0.221 0.858
Nyiramujuna 322 0.821 0.179 0.190 0.319 0.603
26 Cultivars 0.156 0.485 0.246 0.139 0.352
The coefficient of determination (R ) was higher for each of the cultivars
2separately, than for the overall analysis (R = 0.352). For each cultivar 
the G X E interaction of dry matter yield resulted from different yield 
components. For cultivar Rusenya, average root weight (0.146) and % dry 
matter (0.470) were important contributors, and for cultivar Anne-Marie 
both number of roots (0.716) and average root weight (0.674) were important 
sources of G X E interaction for dry matter yield. In cultivar Nyiramujuna 
322, the G X E interactions of dry matter yield resulted mainly from 
vine yield (0.821) and % dry matter (0.319). Moreover, within each 
cultivar the correlations between yield and each of its components 
tended to be positive, whereas the correlations between yield components 
themselves tended to be negative (not reported).
The allometric model is given in figure 2. Looking at the different 





Figure 2. Pathway analysis for the phenotypic, genotypic, environmental, and G X E performances of the














allometric model was unappropriate, because of lack of determination.
It meant that the causal and sequential chain S-X-Y-Z was, if nonexistent 
at least negligible. Nevertheless, it was interesting to note that for 
environmental means, where lack of determination was lowest along the 
sequence, vine yield appeared to play the central role. It contributed 
directly to dry matter yield (0.361) and contributed actively to the 
improvement of number of roots and average root weight which in turn 
contributed to dry matter yield.
LOCAL PROGENY TRIAL 
Analysis of Variance
The results of the analysis of variance for each of the five traits 
are presented in Table 24. Differences among blocks and among progenies 
were not significant except for weevil index. The block effects for 
weevil infestation were not unexpected as it concerned an insect which 
tended to confine natural infestation into particular field areas. The 
interaction error was significant for all five traits. The major source 
of variation however, accounting for more than 80% of the total variation 
for all traits, was seedlings within progenies. The within progeny CV 
values all fluctuated around 100% (Table 24). In view of the possibility 
of making an error of type II, i.e. falsely accepting the null hypothesis 
progeny means were nevertheless compared.
Progeny Performance
1. Root Yield
For each of the 18 progenies the fresh mean root yield together 
with some major distribution characteristics are given in Table 25.
Most of the seedlings did produce fleshy roots (948 seedlings out of














o Degrees of freedom 3 3 3 3 3
o Mean square 2.320 127.2 1.872 7.151 39.24,.
o F value 1.03 0.95 1.73 2.62 12.7“"
Progenies
o .Degrees of freedom 17 17 17 17 17
o Mean square 1.047 45.1 0.904 5.335 6.91,.
o F value 0.47 0.34 0.83 1.96 2.24"
Error
o Degrees of freedom 27 27 27 27 27
o Mean square 2.232,. 133.4 ,.,. 1.08.3,,. 2.725.,. 3.08,.
o F value 4.25 2.23"" 2.53"" 2.97"" 1.67"
Seedling W/Progeny
o Degrees of freedom 919 900 900 900 900
o Mean square 0.528 59.7 0.429 0.917 1.84
Mean 0.831 5.947 0.864 1.014 1.283
CVs 87.4 129.9 75.8 94.4 105.7
(a)i an- i 21 seedling = 1 m
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Cordes Vertes 118 115 0.91 0.7 0.5 0.01 5.6 0.83 90.6
Red Jersey 126 126 0.97 0.9 1.0 0.02 3.2 0.67 69.0
Kigingo 137 135 0.82 0.6 0.1 0.1 3.5 0.68 82.3
1132 12 12 1.17 1.05 0.9 0.2 2.4 0.60 51.1
1142 10 10 1.09 0.95 0.1 0.1 2.8 0.83 76.0
Red Brezil 10 10 0.81 0.8 0.6 0.15 1.4 0.40 48.7
2.4.3 12 12 0.56 0.55 0.2 0.1 1.5 0.41 73.3
2.3.2 8 8 1.41 1.05 1.0 0.7 2.5 0.68 47.9
Nsulira 109 108 0.97 0.8 0.5 0.03 3.1 0.62 64.6
Mugenda 22 22 0.50 0.4 0.2 0.05 1.3 0.34 66.9
Rukocoka 14 14 0.54 0.4 0.1 0.1 1.4 0.42 76.9
Bukarasa 16 15 0.72 0.5 0.3 0.15 2.0 0.44 61.4
Nsasagatebo 61 58 0.95 0.97 1.0 0.1 5.4 0.79 82.6
D. Virovsky 16 136 131 0.80 0.7 0.4 0.01 4.1 0.60 75.7
Nyiramujuna 122 121 0.80 0.6 0.6 0.01 4.1 0.60 74.6
Nsenyakaniga 16 15 0.58 0.6 0.6 0.1 1.1 0.39 66.9
Nyiranjyojyo 21 20 1.04 0.85 0.1 0.1 3.1 0.58 55.9
Gahungezi 17 16 0.63 0.5 0.5 0.05 1.6 0.39 62.3
Total and Means 967 948 0.86 0.7 0.5 0.01 5.6 0.65 75.7
LSD (.05) 0.41
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967). Four progenies produced a mean root yield of more than 1.0 kg of 
roots per seedling or m2 , viz.; "2-3-2" (1.41), "1132" (1.17), "1142" 
(1.09) and Nyiranjyojyo (1.04) (Table 25). From the distribution charac­
teristics it appears that the total population was left skewed to the 
left with the median (0.7) lying between the mode (0.5) and the mean 
(0.86) (Table 25). The same was true for most progenies. The highest 
yielding seedlings were found in the following progenies: Cordes Vertes 
(with a maximal yield of 5.6 kg/seedling), Nsasagatebo (5.4), D. Virovsky 
16 (4.1), Nyiramujuna (4.1), and Kigingo (3.5). These five progenies 
happen to have CV values which are equal or superior to 75%, whereas 
most other progenies have lower CV values.
2. Number of Roots
The distribution of this trait was also skewed to the left, since 
2the median (4 roots/m or seedling) was between the mode (2) and the
mean (5.9) (Table 26). The parents which produced progenies with a high
number of roots were viz.; Cordes Vertes (9.1), "2.3.2" (7.5), Red
Brezil (6.5), Nyiramujuna (6.1), and Kigingo (6.0) (Table 27). Progenies
which had high maximal values were as follows: Cordes Vertes (142
2roots/m ), Nyiramujuna (69), Kigingo (62), Red Jersey (40), and D. 
Virovsky 16 (40). The latter five progenies had CV values which were 
equal or superior to 100% (Table 26).
3. Vine Yield
As for vine yield the distribution of seedlings was only slightly 
skewed to the left (Table 27). « Good vine growth was exhibited by the 
following progenies: Red Brezil (1.28 kg/seedling), Cordes Vertes
(1.15), Red Jersey (1.06), and "2.3.2" (1.02). Outstanding maximal
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Table 26. Mean number of roots per seedling for each of 18 progenies 
in the local trial.
Number of Roots Per Seedling
Parent Mean Median Mode Min. M a x . Aae CV
Cordes Vertes 9.1 5 3 1 142 15.1 165.8
Red Jersey 5.8 4 3 1 40 5.7 97.6
Kigingo 6.0 4 2 1 62 7.5 125.7
1132 4.4 3.5 2 10 2.6 58.3
1142 5.1 3 1 1 15 5.0 97.6
Red Brezil 6.5 5.5 1 1 14 4.4 67.4
2.4.3 4.0 3 3 1 12 2.8 70.7
2.3.2 7.5 4.5 4 1 20 6.5 87.0
Nsulira 5.5 4 4 1 34 4.9 88.1
Mugenda 4.6 3.5 1 1 18 4.4 94.9
Rukocoka 3.6 3 2 1 10 2.7 74.7
Bukarasa 3.6 2 2 1 18 4.2 116.4
Nsasagatebo 5.1 4 2 1 17 3.2 63.3
D. Virovsky 16 5.4 3 2 1 40 6.1 114.6
Nyiramujuna 6.1 4 2 1 69 7.8 128.4
Nsenyakaniga 5.1 3 3 1 16 4.4 86.2
Nyiranjyojyo 4.1 3 3 1 9 2.4 60.3
Gahungezi 4.5 3 3 2 9 2.6 58.8
Total and Means 5.9 4 2 1 142 7.7 129.9
LSD (.05) 4.8
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Table 27. Mean vine yield per seedling for each of 18 progenies in the 
local trial.
kg Per Seedling
Parent Mean Median Mode Min. Max. a CVe
Cordes Vertes 1,.15 0,.8 0..4 0..02 4 .5 0,.88 76..4
Red Jersey 1..06 0..9 0,.1 0..05 4 .6 0,.83 78..0
Kigingo 0..80 0..5 0..2 0..01 4 .5 0,.80 100..0
1132 0,.67 0..5 0..5 0.. 1 2 .1 0..55 81..2
1142 0,.52 0..35 0..1 0,.02 1..4 0..47 89..3
Red Brezil 1..28 1..05 0..8 0..4 2,.4 0..73 56..8
2.4.3 0,.45 0..3 0..1 0..01 1 .7 0..50 112..0
2.3.2 1..02 0..5 0..3 0..2 4 .0 1..27 123..5
Nsulira 0,.79 0..6 0..4 0..01 4 .5 0,.72 89..9
Mugenda 0..54 0..5 0..2 0..02 1 .6 0..42 79..0
Rukocoka 0,.50 0..4 0..3 0..01 1 .7 0,.44 87..3
Bukarasa 0..52 0..5 0..5 0..1 1..4 0..36 69..1
Nsasagatebo 0..80 0..6 0..4 0..01 3,.4 0..62 78..2
D. Virovsky 16 0..80 0..6 0..2 0.,01 3,.0 0..60 74..6
Nyiramujuna 0,.65 0..4 0..1 0..01 4,.8 0..73 111..3
Nsenyakaniga 0..37 0,.35 0..1 0..1 1..0 0..25 65..6
Nyiranjyojyo 0..80 0..8 0..5 0..2 1 .5 0..35 42..8
Gahungezi 0,.61 0,.3 0..1 0,.01 2,.2 0..70 108,.4
Total and Means 0..83 0..6 0..5 0..01 4,.8 0..73 87,.4
LSD (.05) 0.45
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values were found within the following progenies: Nyiramujuna (4.8
2kg/m ), Red Jersey (4.6), Cordes Vertes (4.5), Kigingo (4.5), and Nsulira 
(4.5) (Table 27).
4. Flesh Color
The distribution of seedlings for flesh color was bimodal with 
peaks for classes 0 (48.6%) and 2 (43.1%). It means that most of the 
seedlings contained genes either for white or light yellow flesh color. 
Orange flesh color i.e. class 4 was only present in four progenies viz.; 
Kigingo, "1132", "2.4.3", and "2.3.2". Moreover, a very few seedlings 
with salmon flesh color were found in progenies Cordes Vertes, Red 
Jersey, Nsulira, and D. Virovsky 16 (Table 28).
5. Weevil Index
The distribution of the weevil index was typically skewed to the 
left towards the absence of weevil (Table 29). These progenies with low 
weevil indices came from local parents. The best weevil resistance 
corresponded to the lowest index. The lowest progeny means were viz.;
D. Virovsky 16 (0.99), Nyiramujuna (1.03), Gahungezi (1.06), and 
Nsenyakaniga (1.07) (Table 29). The parents of the latter four progenies 
were known for their good field resistance against weevil and virus. 
Highest weevil infestation was found among progenies arising from parents 
which had been introduced as follows: "2.3.2" with an index of 3.12 and
"2.4.3" (2.83) from an IITA seed batch, "1132" (2.92) and Red Brezil 
(2.50) from Ineac-Mulungu (Zaire) (Table 4).
Correlations
The mean square correlation among progeny means (rp) and seedlings 
within-progeny (r ) are given in Table 30. Vine yield progeny means
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Table 28. Frequency distribution (%) of seedlings for flesh color of 
18 progenies in the local trial.
Index Classes
Parent Mean Median CV 0 1 2  3 4
Cordes Vertes 1..18 2..0 78..3 35..7 13..0 48.,7 2. 6 0..0
Red Jersey 0,.87 0,.0 110..1 53..2 7.. 1 38.,9 0.,8 0..0
Kigingo 1.. 36 2,.0 86..7 38..5 0..7 51..9 4..4 4..4
1132 2..00 2,.0 60..3 16..7 0,.0 66..7 0..0 16..7
1142 1..90 2..0 38..8 10..0 0..0 80.,0 10.,0 0..0
Red Brezil 0..0 0..0 0..0 100..0 0..0 0..0 0.,0 0..0
2.4.3 1,.83 2..0 60..3 33..3 0..0 33..3 16..7 16..7
2.3.2 1..50 2..0 94,.3 37..5 0,.0 50..0 0..0 12..5
Nsulira 1,.01 1..0 90..7 49..1 1,.8 48..2 0..9 0..0
Mugenda 0..55 0..0 127..0 72..7 0..0 27..3 0..0 0,.0
Rukocoka 1,.07 1,.5 90..2 42..9 7,. 1 50..0 0..0 0..0
Bukarasa 0..87 0..0 102,.2 53..3 6,.7 40..0 0..0 0..0
Nsasagatebo 1..14 2..0 83..4 41..4 3,.4 55..2 0..0 0,.0
D. Virovsky 16 0..96 1,.0 98..7 48..9 7,.6 42..0 1..5 0..0
Nyiramujuna 0,.64 0..0 130..5 63..6 8,.3 28..1 0..0 0,.0
Nsenyakaniga 0..13 0,.0 385,.2 93..3 0,.0 6..7 0..0 0,.0
Nyiranjyojyo 0,.80 0,.0 119,.0 60..0 0,.0 40..0 0,.0 0,.0
Gahungezi 1.. 12 2..0 62,.8 43..7 0..0 56..3 0..0 0,.0
Total and Means 1..01 1..0 94,.4 48,.6 5 .4 43.. 1 1..7 1 .2
LSD (.05) 0.31
Classes 0-4: from white to deep orange flesh color.
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Table 29. Frequency distribution (%) of seedlings into weevil index 
classes for each of 18 progenies in the local trial.
Index Classes
Parent Mean Median CV 0 1 2 3 4 5
Cordes Vertes 1..15 1..0 105..7 47..0 13..9 25..2 7..8 3..5 2..6
Red Jersey 1,.60 2,.0 87..8 42,.1 7..1 16..7 22..2 7.. 1 4..8
Kigingo 1..21 1,.0 117..0 48..9 14..1 14..8 14.. 1 5..2 3..0
1132 2..92 3,.0 22,.9 0..0 0,.0 25,.0 58,.3 16..7 0,.0
1142 1,.50 1..5 72,.0 20..0 30,.0 30..0 20,.0 0..0 0,.0
Red Brezil 2..50 3..0 68..6 20..0 10..0 10.,0 30..0 20..0 10..0
2.4.3 2..83 3..0 71..9 25..0 0..0 8..3 25..0 16..7 25..0
2.3.2 3.. 12 4..0 43..4 0..0 25..0 0.,0 12..5 62..5 0..0
Nsulira 1..20 1..0 108..8 49.. 1 9..3 21..3 13..9 5..6 0..9
Mugenda 1,.32 0..5 81,.2 50..0 9..1 18.,2 9..1 9.. 1 4..6
Rukocoka 1,.29 0..0 128..4 57.. 1 7..1 7.. 1 14..3 7.. 1 7.. 1
Bukarasa 1.,40 0..0 135.,2 53..3 13.,3 0.,0 13..3 13..3 6..7
Nsasagatebo 1..22 0.,0 111..6 51..7 6.,9 19.,0 13..8 6.,9 1.,7
D. Virovsky 16 0..99 0..0 122.. 1 55.,0 8..4 22..9 10..7 2..3 0..8
Nyiramujuna 1..03 0..0 140..2 61..2 9..1 8.,3 11..6 6..6 3..3
Nsenyakaniga 1..07 1..0 118..8 46..7 20..0 13..3 20..0 0..0 0..0
Nyiranjyojyo 1..40 0..0 114..6 55..0 5..0 15.,0 5..0 10..0 10..0
Gahungezi 1..06 0.,5 105..7 50.,0 12.,5 18.,8 18..7 0.,0 0..0
Total and Means 1..22 1..0 105..7 48..7 10..2 17.,4 14..4 6..2 3.. 1
LSD (.05) 0.85
0-5 shows no weevil damage to severe expression of symptoms.
Table 30. Mean square correlations among progenies (r ) and within 




























r^ = mean square correlation among progeny means.
r = within progeny correlation, s
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were significantly associated with number of roots (0.71) and root yield 
(0.55). The same trend was observed between seedlings within progenies 
(Table 30). Number of roots and root yield were positively correlated 
(r = 0.36). Finally, a very small correlation existed between root 
yield and weevil index (r = 0.20). The latter association may be due 
to a preference phenomenon.
Heritability and Co-heritability
The heritability estimates were low for all traits. The estimates 
were 0.03±0.11 for vine yield, -0.05±0.05 for number of roots, 0.00+0.07 
for root yield, 0.12±0.07 for weevil index and 0.26±0.l4 for flesh color 
(Table 31). The genetic coefficients of variation (GCV) were accordingly 
low i.e. 16.2, 28.2, 52.6 for vine yield, weevil index, and flesh color, 
respectively. The genetic progress which could be expected by that part 
of the population lying beyond the mean plus one standard deviation was 
rather low. For vine yield the genetic progress would be negligible 
(2.9%), while for flesh color good progress could be expected (26.8%) 
(Table 32).
The co-heritability estimates did not always correspond to the
mean-square correlations among progeny means (Tables 30 and 32). For
instance, the mean square correlation between vine yield and weevil
index was low (r = 0.14), whereas the co-heritability of the above P
association was high (h = 0.71), indicating that although the associ-x . y
ation was small, it was highly inheritable. Conversely, the high corre­
lation between vine yield and number of roots (r = 0.71) was subject to 
a large amount of environmental variation, as the association was unlikely
to be inherited (h = -0.14) (Table 32). However, caution should bex . y
exercised as most additive variance components were smaller than their 
respective standard errors.
2Table 31. Estimates of heritability (h ), genetic coefficient of variation (GCV), and genetic 
progress for five traits in the local progeny trial.
Trait
Phenotypic Additive 






Vine Yield 0.831 0.64109 0.01812
Number of Roots 5.947 65.114 -2.7968
Roo.t Yield 0.864 0.47536 -0.002232
Weevil Index 1.283 2.32442 0.26864
Flesh Color 1.014 1.11080 0.2845
0.03 ±0.11 16.2 0.791
-0.05 ±0.05 —  8.021
0.00 ±0.07 —  0.686
0.12 ±0.07 28.2 1.486









Selection differential = 1 x standard deviation.
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Table 32. Estimates 
the local













Vine Yield 0.03 -0.14 -0.12 0.23 0.71
Number of Roots -0.05 -0.28 1.67 -0.80
Root Yield 0.00 2.44 0.50
Flesh Color 0.26 4.00
Weevil Index 0.12
IITA PROGENY STUDY 
Analysis of Variance
The analyses of variance for the five traits in the IITA progeny 
study are presented in Table 33. Block effects were significantly 
different for vine yield, root yield, and weevil index. Progeny differ­
ences were highly significant for vine yield, number of roots, and flesh 
color. The coefficient of variation was lowest for flesh color (65.7)
and highest for vine yield (137.5). The large values point to the fact
that there existed a large variation among seedlings within progenies. 
Sampling variation accounted for more than 80% of the total variance for 
each of the five traits. For root yield e.g. a value of 90.7% was 
recorded.
Progeny Performances of IITA Germplasm Material
1. Root Yield
In spite of a non-significant F-test (Table 33) many comparisons
between progeny means were significantly different (Table 34). The
distribution was skewed to the left with the median (0.3) lying between
2the mode (0.1) and the mean (0.45 kg/seedling or m ). Yield was about
half of that recorded in the local progeny trial, grown during the same
season, in a nearby field (Tables 25 and 34). The IITA germplasm was
less capable of sustaining the drought stress during the second half of
the growing season. Moreover the Rubona conditions were much cooler
(Table 2) than the IITA location (Ibadan, Nigeria) where most of this
material originated. Some progenies, however, showed good promise as
breeding material for further improvement of the local germplasm. The
2best progenies originated from parents TIS 1499 (0.59 kg/m ), TIB 10 
(0.59), TIS 3270 (0.58), TIB 11 (0.56), and TIS 5093 (0.55) as shown in














o Degrees of freedom 3 3 3 3 3
o Mean square 2.71.L. 5.027 0.8210 1.437 63. 1 M
o F value 6.45 0.70 3.14" 0.48 10.3""
Progenies
o Degrees of freedom 25 25 25 25 25
o Mean square 0.775.,. 13.62ft.,. 0.3297 8.587.,. 6.773
o F value 1.85 1.91 1.25 2.88"" 1.10
Error
o Degrees of freedom 53 52 52 52 52
o Mean square 0.461 7.237 0.263.1 2.984,. 6.149,.
o F value 1.10 1.01 1.57“" 2.34"" 1.93"“
Seedlings W/Progeny
o Degrees of freedom 915 827 826 827 827
o Mean square 0.420 7.136 0.1678 1.274 3.191
Mean 0.471 2.97 0.451 1.717 1.737
CV 137.5 90.0 90.8 65.7 102.9
(a) 21 seedling = 1 m
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TIB 2 27 27 0.35 0.3 0.3 0.01 0.9 0.23 67.5
TIS 1499 16 16 0.59 0.55 0.1 0.1 1.7 0.46 77.2
TIS 5093 21 16 0.55 0.5 0.1 0.05 1.4 0.39 71.8
TIS 5081 15 15 0.43 0.3 0.1 0.01 1.5 0.44 108.2
TIS 5003 57 49 0.44 0.3 0.2 0.01 2.0 0.38 86.2
TIS 1145 63 58 0.44 0.4 0.1 0.01 1.5 0.36 81.1
TIS 5290 45 42 0.52 0.4 0.2 0.01 2.2 0.47 89.7
TIB 10 20 20 0.59 0.5 0.1 0.01 1.6 0.48 80.9
TIS 2532 17 17 0.33 0.2 0.1 0.01 1.3 0.35 105.4
TIS 2154 30 28 0.41 0.3 0.3 0.01 1.3 0.32 77.5
TIS 5090 45 43 0.48 0.3 0.2 0.01 2.2 0.46 96.1
TIB 9 11 11 0.46 0.6 0.6 0.01 1.0 0.31 67.2
Nsasagatebo 20 14 0.30 0.15 0.1 0.01 1.1 0.36 117.4
TIB 11 79 77 0.56 0.4 0.2 0.01 2.3 0.49 86.8
TIS 5270 54 49 0.47 0.3 0.2 0.01 2.1 0.51 107.6
TIS 3270 93 91 0.58 0.5 0.5 0.01 2.0 C. 46 79.7
Bukarasa 12 8 0.18 0.15 0.2 0.01 0.6 0.14 78.4
Caroline Lee 20 10 0.33 0.2 0.1 0.1 0.8 0.23 70.1
Gahungezi 9 7 0.24 0.2 0.2 0.01 0.6 0.19 77.0
TIS 3017 55 52 0.49 0.4 0.1 0.05 2.0 0.49 101.1
TIS 2153 37 35 0.25 0.2 0.2 0.01 0.9 0.24 95.S
TIS 2498 85 80 0.38 0.3 0.1 0.01 2.0 0.35 92.5
TIS 2328 53 43 0.29 0.1 0.1 0.01 1.4 0.30 101.3
TIS 5192 79 71 0.48 0.4 0.1 0.01 2.7 0.42 86.5
Divir 1313 24 22 0.43 0.3 0.3 0.01 1.4 0.40 91.7
Nsenyakaniga 10 6 0.23 0.2 0.2 0.05 0.5 0.16 71.3
Total and Means 997 907 0.45 0.3 0.1 0.01 2.7 0.41 90.8
LSD (.05) 0.26 1.13
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Table 34. Maximal yield values for the following progenies were as 
follows: TIS 5192 (2.7 kg/m2), TIB 11 (2.3), TIS 5090 (2.2), TIS 5290
(2.2), and TIS 5270 (2.1) (Table 34).
2. Number of Roots
The distribution for number of roots was skewed to the left (Table 
35). The best progenies, in terms of average number of roots per seedling, 
were: TIB 11 (4.6 roots per seedling), TIS 5093 (4.1), TIS 1499 (3.6),
TIS 5270 (3.5), and TIS 3270 (3.4). Maximal values were recorded within 
the following progenies, viz.; TIB 11 (33), TIS 5270 (22), TIS 2498 
(21), TIS 3270 (15), and TIS 5093 (14) (Table 35). Parent TIS 2498 has 
been a progenitor of several high yielding selections in the sweet 
potato breeding program at ISAR (Institut des Sciences Agronomigues du 
Rwanda). All above mentioned progenies had CV values which were all 
superior to 85%.
3. Vine Yield
As the two previous traits, the distribution was skewed to the left 
(Table 36). The mean vine yield was approximately half that of the 
local progeny trial (Table 27). The best progenies were: Nsenyakaniga
(1.09 kg/seedling or m2), Bukarasa (0.70), TIS 5090 (0.68), TIS 5270 
(0.67), and TIS 3017 (0.62). Maximal values were recorded within the 
following progenies, viz.; TIS 5192 (7.6), TIS 5270 (7.0), TIB 11 (6.0), 
and TIS 5090 (4.5) (Table 36). Although the IITA germplasm material 
performed poorly, this material warrants further testing exploring the 
genetic variance for other characters.
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Table 35. Mean number of roots per seedling for each of 26 progenies 
from IITA germplasm.
Number of Roots Per Seedling
Parent Mean Median Mode Min. Max. ACTe CV
TIB 2 2.9 2 2 1 8 1.98 67.6
TIS 1499 3.6 3.5 4 1 13 2.84 79.7
TIS 5093 4.1 3 2 1 14 3.60 87.3
TIS 5081 3.3 2 2 1 9 1.81 55.3
TIS 5003 2.6 2 2 1 8 1.48 57.9
TIS 1145 2.8 2.5 2 1 10 1.66 59.8
TIS 5290 2.8 2 2 1 11 2.03 73.0
TIB 10 3.1 2 1 1 11 2.43 79.8
TIS 2532 2.5 2 2 1 4 1.14 46.1
TIS 2154 3.0 2 1 1 8 2.19 72.9
TIS 5090 3.1 2 2 1 10 2.19 70.2
TIB 9 2.5 2 1 1 7 2.02 82.2
Nsasagatebo 1.8 1 1 1 4 1.11 62.0
TIB 11 4.6 3 1 1 33 5.11 110.6
TIS 5270 3.5 2 1 1 22 3.90 112.3
TIS 3270 3.4 2 1 1 15 2.95 87.7
Bukarasa 2.6 2.5 1 1 7 1.95 74.3
Caroline Lee 3.2 2.5 2 1 9 2.42 75.5
Gahungezi 2.6 2 1 1 9 2.88 111.9
TIS 3017 2.6 2 2 1 12 2.15 82.3
TIS 2153 2.4 2 1 1 7 1.55 65.5
TIS 2498 2.5 2 1 1 21 2.46 99.8
TIS 2328 1.9 2 1 1 4 0.93 48.4
TIS 5192 2.8 2 2 1 11 1.96 70.1
Divir 1313 2.4 2 1 1 8 1.79 74.3
Nsenyakaniga 2.2 2 2 1 4 0.98 45.4
Total and Means 3.0 2 1 1 33 2.67 90.0
LSD (.05) 1.68 7.4
93
Table 36. Mean vine yield per seedling for each of 26 progenies from 
IITA germplasm.
Parent Mean
kg Per Seedling 
Median Mode Min. Max. ACTe cv
TIB 2 0.23 0.1 0.1 0.01 1.0 0.24 103.7
TIS 1499 0.47 0.3 0.1 0.01 1.4 0.44 94.3
TIS 5093 0.21 0.1 0.1 0.01 1.0 0.31 122.0
TIS 5084 0.40 0.1 0.01 0.01 2.2 0.59 149.3
TIS 5003 0.29 0.2 0.1 0.01 1.0 0.27 96.4
TIS 1145 0.29 0.1 0.1 0.01 1.2 0.30 106.0
TIS 5290 0.49 0.2 0.1 0.01 2.5 0.59 130.7
TIB 10 0.44 0.2 0.1 0.1 1.5 0.41 91.7
TIS 2532 0.34 0.2 0.2 0.01 1.1 0.30 88.1
TIS 2154 0.50 0.3 0.01 0.01 3.5 0.27 67.8
TIS 5090 0.68 0.3 0.1 0.01 4.5 0.77 128.7
TIB 9 0.18 0.1 0.01 0.01 0.8 0.27 147.6
Nsasagatebo 0.57 0.3 0.3 0.01 2.2 0.52 109.7
TIB 11 0.53 0.3 0.1 0.01 6.0 0.78 145.1
TIS 5270 0.67 0.3 0.1 0.01 7.0 1.11 154.1
TIS 3270 0.51 0.3 0.1 0.01 3.6 0.61 121.0
Bukarasa 0.70 0.6 0.01 0.01 2.5 0.75 82.6
Caroline Lee 0.47 0.2 0.01 0.01 2.0 0.36 61.1
Gahungezi 0.59 0.6 0.5 0.01 1.0 0.38 68.8
TIS 3017 0.62 0.4 0.1 0.01 3.7 0.72 115.8
TIS 2153 0.37 0.2 0.01 0.01 3.7 0.59 161.2
TIS 2498 0.44 0.3 0.1 0.01 2.2 0.46 110.6
TIS 2328 0.35 0.2 0.1 0.01 2.5 0.48 143.3
TIS 5192 0.56 0.3 0.1 0.01 7.6 0.95 170.7
Divir 1313 0.38 0.3 0.1 0.1 1.3 0.37 93.3
Nsenyakaniga 1.09 0.9 0.2 0.1 3.1 0.76 96.7
Total and Means 0.47 0.2 0.1 0.01 7.6 0.65 137.5
LSD (.05) 0.37 1.8
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4. Flesh Color
One of the main reasons for introducing IITA germplasm in Rwanda, 
was the need to increase the carotenoid content of the local sweet 
potato material. Sweet potatoes of deep orange flesh color would provide 
a good source of vitamins especially vitamin A to some parts of the 
Rwandan human population where there is a great need to solve this 
nutritional problem.
The IITA progenies had many recombinant seedlings that had twice as 
much total carotenoids as the local progeny seedlings (Tables 28 and 
37). As much as 14.8% of the total population had orange flesh colored 
seedlings as opposed to only 1.2% in the local progenies. The parents 
which transmitted a large amount of carotenoid pigments to their offspring, 
were: TIB 11 (with a flesh color index of 2.61), TIS 2328 (2.37), TIS 
2532 (2.35), TIS 5003 (2.29), and TIB 9 (2.27) (Table 37). Parent TIB 
11 was outstanding as it transmitted deep orange flesh color to 44.9% of 
its seedlings. A point of interest was that in most progenies, classes 
1 (cream) and 3 (salmon) were either absent or poorly represented.
5. Weevil Index
Weevil infestation, as shown in Tables 29 and 38, was higher in the 
IITA germplasm with an overall mean index of 1.74 than the infestation 
in the local progeny test with a mean index of 1.28. The most resistant 
progenies were Gahungezi (with a progeny mean of 0.14), Nsasagatebo 
(0.21), Nsenyakaniga (0.33), Bukarasa (0.50), and TIS 2154 (1.07). The 
first four progenies were from local origin (Table 5). However, it 
should be pointed out that class 0 (no weevil symptoms) was represented 
in all IITA progenies. Parents TIS 2532, TIS 2154, TIS 3017, and TIS
95
Table 37. Frequency distribution (%) of seedlings for flesh color in 




Parent Mean Median CV 0 1 2 3 4
TIB 2 2.11 2.0 61.5 18.5 0.0 55.6 3.7 22.2
TIS 1499 1.19 1.0 114.6 43.7 18.8 25.0 0.0 12.5
TIS 5093 2.12 2.0 70.6 31.2 0.0 31.3 0.0 37.5
TIS 5081 2.00 2.0 66.4 20.0 0.0 60.0 0.0 20.0
TIS 5003 2.29 2.0 57.3 14.3 12.2 38.8 0.0 34.7
TIS 1145 1.16 1.0 92.3 41.4 10.3 43.1 1.7 3.5
TIS 5290 2.10 2.0 59.0 19.1 4.8 50.0 0.0 26.2
TIB 10 1.75 2.0 65.6 20.0 5.0 65.0 0.0 10.0
TIS 2532 2.35 2.0 34.2 0.0 0.0 82.3 0.0 17.7
TIS 2154 2.00 2.0 47.7 7.1 14.3 64.3 0.0 14.3
TIS 5090 1.30 2.0 76.0 32.6 9.3 55.8 0.0 2.3
TIB 9 2.27 2.0 28.5 0.0 0.0 81.8 9.1 9.1
Nsasagatebo 1.43 2.0 87.5 35.7 0.0 57.1 0.0 7.1
TIB 11 2.61 2.0 51.6 11.5 3.8 39.7 0.0 44.9
TIS 5270 2.02 2.0 56.1 12.2 16.3 49.0 2.0 20.4
TIS 3270 1.48 2.0 84.4 31.9 8.8 48.3 1.1 9.9
Bukarasa 1.00 1.0 115.5 50.0 0.0 50.0 0.0 0.0
Caroline Lee 1.00 1.0 99.0 50.0 0.0 50.0 0.0 0.0
Gahungezi 0.29 0.0 264.6 85.7 0.0 14.3 0.0 0.0
TIS 3017 1.77 2.0 62.1 19.2 7.7 61.5 0.0 11.5
TIS 2153 1.29 2.0 78.8 34.3 8.6 54.3 0.0 2.9
TIS 2498 1.14 1.0 81.0 40.0 13.8 42.5 0.0 3.7
TIS 2328 2.37 2.0 42.2 4.6 0.0 69.8 4.7 20.9
TIS 5192 1.39 2.0 67.6 26.8 12.7 57.7 0.0 2.8
Divir 1313 1.18 2.0 84.3 36.4 9.1 54.5 0.0 0.0
Nsenyakaniga 1.00 1.0 109.5 50.0 0.0 50.0 0.0 0.0




2.0 65.7 25.2 8.1 51.1 0.8 14.8
Classes 0-4: from white to deep orange flesh color.
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Table 38. Frequency distribution (%) of seedlings into weevil index 




Parent Mean Median cv 0 1 2 3 4 5
TIB 2 2.96 4.0 66.2 25.9 11.1 0.0 11.1 7.4 44.4
TIS 1499 2.56 2.5 82.8 25.0 12.5 12.5 6.2 18.8 25.0
TIS 5093 1.81 1.0 109.2 31.2 31.2 6.3 6.3 6.2 18.8
TIS 5081 1.33 1.0 120.3 46.7 13.3 20.0 0.0 20.0 0.0
TIS 5003 2.16 2.0 94.8 34.7 10.2 14.3 10.2 6.1 24.5
TIS 1145 2.00 2.0 91.6 37.9 8.6 13.8 12.1 10.3 17.2
TIS 5290 2.02 2.0 76.8 35.7 7.1 14.3 19.1 9.5 14.3
TIB 10 2.00 2.0 89.6 30.0 10.0 25.0 10.0 15.0 10.0
TIS 2532 1.41 1.0 112.1 41.2 17.7 17.6 11.8 5.9 5.9
TIS 2154 1.07 0.0 113.6 64.3 10.7 3.6 7.1 3.6 10.7
TIS 5090 1.93 2.0 85.5 37.2 7.0 18.6 16.3 4.6 16.3
TIB 9 1.54 1.0 113.4 45.4 9.1 9.1 27.3 0.0 9.1
Nsasagatebo 0.21 0.0 291.8 85.7 7.1 7.2 0.0 0.0 0.0
TIB 11 1.47 0.5 108.3 50.0 10.3 9.0 12.8 5.1 12.8
TIS 5270 1.64 0.0 108.6 51.0 4.1 14.3 10.2 14.3 6.1
TIS 3270 1.56 1.0 115.3 48.3 6.6 15.4 12.1 5.5 12.1
Bukarasa 0.50 0.0 188.6 75.0 12.5 0.0 12.5 0.0 0.0
Caroline Lee 1.30 0.5 101.6 50.0 20.0 0.0 10.0 20.0 0.0
Gahungezi 0.14 0.0 264.6 85.7 14.3 0.0 0.0 0.0 0.0
TIS 3017 1.79 1.0 112.4 48.1 3.9 13.5 9.6 5.8 19.2
TIS 2153 1.97 1.0 99.6 45.7 5.7 11.4 5.7 5.7 25.7
TIS 2498 1.75 0.0 113.6 51.2 5.0 6.3 11.2 7.5 18.8
TIS 2328 1.58 0.0 120.6 51.2 4.6 11.6 11.6 9.3 11.6
TIS 5192 1.97 2.0 92.8 46.5 2.8 9.9 9.9 9.9 21.1
Divir 1313 1.77 0.0 112.5 54.6 4.5 4.6 4.6 9.1 22.7
Nsenyakaniga 0.33 0.0 244.9 83.3 0.0 16.7 0.0 0.0 0.0




1.0 102.9 46.3 7.8 11.4 10.8 7.8 15.9
0-5: from no weevil damage to severe expression of symptoms.
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(42)2153 were selected in IITA for resistance to weevils . It is inter­
esting to note that these progenies had at least 40% of their seedlings 
with no weevil damage (Table 38).
Correlations
There was a strong association among the progeny means between vine 
yield and number of roots (r^ = 0.52) (Table 39). Vine yield was nega­
tively associated with flesh color (r = -0.53) and with weevil damage
n
(r^ = -0.41). Number of roots was highly and positively associated with 
root yield (r^ = 0.69) and with flesh color (r = 0.55) (Table 39). The 
latter correlation was unexpected. The within progeny correlations 
followed generally the same trend as the correlation among progeny 
means. However, vine yield did not show any particular association 
either with flesh color or with weevil index. Similarly the association 
between flesh color and number of roots appeared to be neutral at the 
within progeny level. Hence, within progeny selection will be effective 
in identifying particular seedlings combining these characteristics in 
spite of unfavorable additive genetic correlations (Table 39).
Heritability and Co-heritability
The heritability estimates, although generally small, were slightly 
higher than the ones estimated in the local progeny trial (Tables 31 and 
40). The heritability estimates were, viz.; 0.06±0.06 for vine yield,
0.14±0.07 for number of roots, 0.48±0.17 for flesh color, 0.02±0.07 for 
weevil index, and 0.05±0.07 for root yield (Table 40). Selection 
progress, - which could be expected by truncating the population at a 
value corresponding to the mean plus the standard deviation-, will be as 
follows viz.; 8.5% for vine yield, 12.8 for number of roots, 35.5 for 
flesh color, 2.2 for weevil index, and 4.8 for root yield (Table 40).
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Table 39. Additive genetic correlations (*^), and within progeny 
correlations (r ) for five traits in the IITA germplasm.
(a)rA Number Root Flesh Weevil
rs of Roots Yield Color Index
Vine Yield 0.52““ (0.24) -0.53““ (-0.41)
0.33““ 0 . 4 3 ™ -0.02 -0.09"









(a) If r. was unconsistent, it was A ’ replaced by the mean square
correlation (between brackets).
2Table 40. Estimates of heritability (h ), genetic coefficient of variation (GCV), and genetic 













Vine Yield 0.471 0.43023 0.02747 0.06 ±0.06 35.2 0.668 90.8 8.5
Number of Roots 2.969 7.4478 1.0329 0.14 ±0.07 34.2 2.724 89.0 12.8
Fle§h Color 1.717 1.6236 0.7736 0.48 ±0.17 51.2 1.269 85.2 35.5
Weevil Index 1.737 3.8038 0.0695 0.02 ±0.07 15.2 1.926 76.3 2.2
Root Yield 0.451 0.18724 0.00995 0.05 ±0.07 22.1 0.430 84.5 4.8




The co-heritability estimates are presented in Table 41. There was 
an interesting co-heritability estimate, although small, between number 
of roots and root yield (h^ = 0.16). There was furthermore an interesting
negative inheritable association between root yield and weevil index 
(-0.48). In view of these advantageous co-heritability estimates, and 
in view of the fact that the genetic progress of direct selection for 
improved yield was very low (4.8%), it would be interesting to see 
whether desirable correlated genetic advance for yield improvement could 
be achieved by selecting for other characters. It was found that selection 
for a higher number of roots (same selection differential as in Table 
40) would result in a correlated yield increase of 15.3%. Similarly 
selecting for a lower weevil index i.e. higher weevil resistance, would 
indirectly increase root yield by as much as 45.8%. Caution should be 
exercised, as mentioned earlier for the local progeny trial, as some of 
the variance and covariance components were smaller than their standard 
errors.
SWAMP PROGENY STUDY 
Analysis of Variance
The analysis of variance for 11 traits are given in Tables 42 and 
43. Significant block differences were found for vine yield, number of 
roots, skin color, and cracking. In this test there was an increasing 
moisture gradient from block 1 towards block 4. Hence, the above characters 
were under severe moisture stress. Highly significant differences among 
progeny means were recorded for all traits, except for virus incidence 
(Tables 42 and 43). The variability for skin color was moderate (CV =
55.3%) while all other characters exhibited large variability with CV 
values exceeding 90%.
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Table 41. Estimates of co-heritability (h ) between five traits in
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Table 43. Analysis of variance of five traits in the swamp progeny trial.
Source of Variation Virus Alternaria Anthocyanin Latex Cracking
Blocks
o Degrees of freedom 3 3 3 3 3o Mean square 0.2621 0.0415 0.1556 0.0361 0.4643"
o F value 0.81 0.18 2.02 0.11 3.79
Progenies
o Degrees of freedom 24 24 24 24 ,„v 24 **o,Mean square 0.3644 0.4816 0.5969"“ 0.5203"" 0.2910
o F value 1.13 2.06 7.73 1.61 1.83
Error
o Degrees of freedom 69 69 69 69 * 69o Mean square 0.3217~ 0.2338" 0.0715 0.3228" 0.1593
o F value 2.35 1.32 0.93 1.43 1.30
Sibling W/Progeny
o Degrees of freedom 787 787 684 684 684
o Mean square 0.1370 0.1790 0.0772 0.2264 0.1225
Mean 0.20 0.26 0.11 0.43 0.16
CV 185.9 162.6 261.4 111.3 213.6
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Progeny Performances in the Swamp Test
1. Root Yield
2 2The average seedling yield was 44 dkg/0.5625 m or 0.78 kg/m which
was considered fairly high when considering the high pressure from the
hydromorphic conditions of the swamp. As in the two previous progeny
trials, the distribution was skewed to the left (Tables 24, 33, and 44).
The best progenies were Nkondoyigisabo R10/2 (with a mean yield of
fleshy roots of 67 dkg/0.5625 m^) , Ndamirabana (62), Gahunga (56), P.
Kicoce VK1 (53), and Nyiramujuna VK 5 (52). Maximal values were recorded
2for the following progenies: Gahungezi VK2 (310 dkg/0.5625 m ), Nyiramujuna
VK2 (270), Nyiramujuna VK6 (250), D. Virovsky 16 R10/2 (250), and 
Nkondoyigisabo RG/3 (240) (Table 45). It is interesting to note that 
the name "Ndamirabana" refers to a local water plant. The CV values 
varied from a low of 31.4% for the parent TIS 2154/1927 to a high of 
206.7% for TIS 5290/1885.
2. Number of Roots
2The average number of roots of 4.94 per seedling or 8.78/m area 
was higher than in the two previous progeny studies (Tables 25, 34, and 
45). The best progenies were Ndamirabana (with a mean number of 37.63 
roots per seedling), Gahunga (7.07), Divir 1313/1765 (6.29), Nyiramujuna 
VK2 (5.93), and D. Virovsky 16 R10/2 (5.27) (Table 45). The following 
progenies had seedlings with impressive maximal values, viz.; Nyiramujuna 
VK2 (57), Gahungezi VK7 (50), Ndamirabana (50), and Divir 1313/1765 
(35).
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Nkondo. R10/2 20 19 67 70 30 5 170 3 45.9 68.1
Nkondo. R5/6 26 21 38 30 30 1 140 2 34.2 89.5
Divir R10/2 18 15 48 30 10 1 250 3 65.1 135.2
Nsasa. R10/2 22 21 32 10 5 1 110 3 34.7 109.8
Gah. VK 2 41 35 40 20 10 1 310 3 51.3 129. 1
P. Kicoce VK 1 41 30 53 30 30 5 170 2 52.5 99.0
Nyiram. VK 5 14 12 52 50 10 5 140 2 45.3 86.9
Nyiram. VK 7 10 8 43 22 5 5 140 1 48.9 115.0
Bukar. VK 2 16 11 34 10 10 1 90 2 37.0 107.8
Gah. VK 7 44 37 38 20 20 1 190 1 48.7 127.6
Nyiram. VK 2 55 44 51 30 10 1 270 2 56.2 110.9
Nyiram. VK 6 68 54 39 20 10 1 250 1 48.5 123.5
Nsasa. R5/6 21 18 42 30 30 5 140 2 39.0 92.9
Nkondo. R9/3 123 115 39 30 20 5 240 3 32.5 83.0
Nyirab. 40 36 34 25 20 5 140 00 25.1 74.6
Gahunga 17 14 56 40 20 20 140 00 36.9 65.4
Ndamirab. 116 115 62 50 50 1 220 00 41.0 65.9
Red Jersey 28 27 39 30 5 5 140 00 37.9 96.9
Div 1313/1765 75 65 38 20 20 1 180 00 40.2 105.0
Nyiram. 1772 13 12 27 20 10 5 80 00 17.9 66.1
Nkondo. 1760 32 32 45 30 10 1 220 03 48.7 108.2
1132/150 18 16 50 45 20 5 110 03 33.1 66.7
Nsulira 1156 18 16 13 10 10 5 50 00 12.8 97.6
TIS 2154/1927 4 4 11 10 10 5 20 03 3.5 31.4
TIS 5290/1885 4 4 33 12 5 5 100 00 67.2 206.7
Total and Means 884 781 44 30 10 1 310 42.1 95.4
LSD (.05) 30 117
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roots per seedling for each of 25 progenies in
Parent
Number of Roots Per Seedling Number of 
Pollen AParents ae CVMean Median Mode Min. Max.
Nkondo. R10/2 4.26 4 4 1 12 3 2.80 65.7
Nkondo. R5/6 2.95 3 3 1 5 2 1.33 45.1
D. Vir. R10/2 5.27 4 2 23 3 5.31 100.8
Nsasa. R10/2 3.67 3 1 1 15 3 3.65 99.6
Gah. VK2 3.29 2 2 1 18 3 2.98 90.6
P. Kicoce VK1 5.27 4 1 1 20 2 4.31 81.9
Nyiram. VK5 4.08 3. 5 1 1 12 2 3.33 81.5
Nyiram. VK7 2.62 2 2 1 5 1 1.55 59.2
Bukar. VK2 2.91 2 1 1 7 2 2.03 69.7
Gah. VK7 4.68 2 2 1 50 1 7-68 164.3
Nyiram. VK2 5.93 3 2 1 57 2 9.68 163.1
Nyiram. VK6 3.37 3 2 1 15 1 2.83 84.0
Nsasa. R5/6 4.94 3 2 1 16 2 4.24 85.7
Nkondo. R9/3 4.00 3 3 1 12 3 2.39 59.7
Nyirab. 5.14 5 1 1 24 00 4.17 81.1
Gahunga 7.07 3. 5 2 24 oo 8.05 113.9
Ndamirab. 7.63 5 3 1 50 oo 7.40 97 .0
Red Jersey 5.07 4 2 1 24 00 4.69 92.5
Div. 1313/1765 6.29 4 2 1 35 00 6.54 103.9
Nyiram. 1772 3.50 3 2 1 11 00 2.89 82.5
Nkondo. 1760 4.53 4 4 1 17 oo 3.06 67.5
1132/150 3.50 3 3 6 00 1.03 29.4
Nsulira 1156 2.87 2 2 1 8 oo 2.22 77.1
TIS 2154/1927 2.25 2 2 1 4 00 1.41 62.9
TIS 5290/1885 3.50 3 5 1 1 6 oo 0.71 20.2
Total and Means 4.94 3 2 1 57 5.32 107.7
LSD (.05) 3.74 15
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3. Vine Yield
The mean seedling vine yield under these high moisture conditions
2was very high (103.9 dkg per seedling or 1.85 kg/m ) as compared to the 
two other progeny trials as shown in Tables 27, 36, and 46. The highest 
vine yields were produced from Nyiramujuna VK5 (with a mean seedling 
yield of 230.7 dkg), Nyiramujuna VK7 (184.0), Nyiramujuna VK2 (174.9),
D. Virovsky R10/2 (149.2), and Gahunga (148.8) (Table 46). Some progenies 
had seedlings with extremely luxurious top growth as e.g. P. Kicoce VK1 
(with a mean seedling yield of 1200 dkg/seedling), Gahungezi VK7 (900), 
Nyiramujuna VK2 (820), Gahungezi VK2 (820), and Nyiramujuna VK5 (720).
All of these progenies were characterized as good performers for root 
yield and number of roots (Tables 44-46). Two parents that had seedlings 
with the highest mean seedling vine weight were Nyiramujuna and Gahungezi.
4. Flesh Color
In this trial the carotenoid content was very low with a mean 
seedling color rating of 0.73. Most of the seedlings had either a white 
or cream flesh color (Table 47). One progeny, Nkondoyigisabo 1760, had 
34.3% of its seedlings with orange flesh color. Two other progenies had 
seedlings with a small amount of orange flesh color, Gahunga (7.1%), and 
•"1132/150" (6.2%) (Table 47).
5. Weevil Index
The distribution was bi-modal, with one peak at class 0 (46.7%) and 
a smaller one at class 2 (23.6) (Table 48). The overall mean (1.36) was 
higher than would normally be expected under hydromorphic conditions, as 
weevil pressure is generally known to be low in swamp areas. Good 
weevil tolerance was found in the following progenies as shown by low
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Table 46. Mean 
swamp
vine yield per 
trial.






Max. Number of 
Pollen 
Parents ACTe CV
Nkondo. R10/2 97.7 75 40 5 440 3 90.4 88.3
Nkondo. R5/6 95.2 75 10 5 300 2 62.8 62.5
D. Vir. R10/2 149.2 80 80 1 500 3 121.5 74.8
Nsasa. R10/2 70.6 40 1 1 410 3 83.6 118.3
Gah. VK2 131.8 70 20 5 820 3 146.5 103.6
P. Kicoce VK1 147.5 90 50 1 1200 2 116.0 88.7
Nyiram. VK5 230.7 200 100 40 720 2 187.5 76.3
Nyiram. VK7 184.0 105 10 10 510 1 103.6 58.8
Bukar. VK2 131.9 100 100 10 400 2 55.8 45.8
Gah. VK7 148.6 75 20 1 900 1 168.8 100.2
Nyiram. VK2 174.9 100 90 5 820 2 178.2 102.6
Nyiram. VK6 137.1 85 20 10 540 1 131.8 96.6
Nsasa. R5/6 107.7 80 80 1 300 2 86.5 89.9
Nkondo. R9/3 67.1 40 20 1 520 3 75.6 109.1
Nyirab. 89.4 45 20 5 500 co 103.3 122.1
Gahunga 148.8 110 50 30 460 00 133.2 85.9
Ndamirab. 88.3 70 40 1 360 oo 64.2 72.2
Red Jersey 101.4 75 30 10 410 00 95.2 94.5
Div 1313/1765 78.6 50 10 5 340 00 73.8 92.8
Nyiram. 1772 70.8 40 10 10 220 OO 69.3 91.3
Nkondo. 1760 29.8 7 .5 5 1 170 00 43.3 145.3
1132/150 49.4 40 10 5 110 oo 37.0 67.7
Nsulira 1156 24.8 10 10 1 110 oo 30.3 113.9
TIS 2154/1927 27.5 12 .5 5 5 80 00 53.0 192.8
TIS 5290/1885 46.2 45 5 5 90 oo 7.1 15.3
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Table 47. Frequency distribution (%) of seedlings for flesh color in 





Mean Median 0 1 2 3 4
Nkondo. R10/2 0.68 0 119.9 52.6 26.3 21.1 0.0 0.0
Nkondo. R5/6 0.71 1 78.5 33.3 61.9 4.8 0.0 0.0
D. Vir R10/2 0.93 1 75.4 26.7 53.3 20.0 0.0 0.0
Nsasa. R10/2 0.57 1 104.6 47.6 47.6 4.8 0.0 0.0
Gah. VK2 0.34 0 140.5 65.7 34.3 0.0 0.0 0.0
P. Kicoce VK1 1.03 1 89.8 30.0 43.3 23.3 0.0 0.0
Nyiram. VK5 0.58 1 88.3 41.7 58.3 0.0 0.0 0.0
Nyiram. VK7 0.50 0.5 106.9 50.0 50.0 0.0 0.0 0.0
Bukar. VK2 0.55 1 95.7 45.4 54.6 0.0 0.0 0.0
Gah. VK7 0.41 0 135.8 62.2 35.1 2.7 0.0 0.0
Nyiram. VK2 0.61 1 87.6 40.9 56.8 2.3 0.0 0.0
Nyiram. VK6 0.46 0 130.8 59.3 35.2 5.6 0.0 0.0
Nsasa. R5/6 0.61 1 82.1 38.9 61.1 0.0 0.0 0.0
Nkondo. R9/3 0.57 0 110.8 50.4 41.7 7.8 0.0 0.0
Nyirab. 0.50 0 130.9 58.3 33.3 8.3 0.0 0.0
Gahunga 1.43 1 71.1 14.3 42.9 35.7 0.0 7.1
Ndamirab. 0.77 1 74.1 30.4 62.6 7.0 0.0 0.0
Red Jersey 0.70 1 110.2 48.1 33.3 18.5 0.0 0.0
Div. 1313/1765 0.60 0 124.3 55.4 29.2 15.4 0.0 0.0
Nyiram. 1772 0.67 1 97.7 41.7 50.0 8.3 0.0 0.0
Nkondo. 1760 2.22 2 65.5 12.5 21.9 31.2 0.0 34.4
1132/150 1.50 1 54.4 0.0 62.5 31.2 0.0 6.2
Nsulira 1156 0.75 1 59.6 25.0 75.0 0.0 0.0 0.0
TIS 2154/1927 1.50 1.5 38.5 0.0 50.0 50.0 0.0 0.0
TIS 5290/1885 1.25 1.5 76.6 25.0 25.0 50.0 0.0 0.0
Total and Means 0.73 1 108.4 43.0 44.8 10.4 0.0 1.8
LSD (.05) 0.48
*Classes 0-4 from white to deep orange :flesh color.
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Table 48. Frequency distribution (%) of see 
classes for each of 25 progenies
dlings into weevil 






Mean Median 0 1L 2 3 4 5
Nkondo. R10/2 2.,37 2 73. 4 21..1 0.,0 47..4 5.3 5. 3 21. 1
Nkondo. R5/6 1.,24 1 119.,5 47,.6 9..5 28..6 4. 8 4..8 4.,8
D. Vir R10/2 0. 93 0 154..0 60..0 6.,7 26..7 0.0 0..0 6. 7
Nsasa. R10/2 1.,48 1 116..6 42..9 9..5 33..3 0. 0 0..0 14..3
Gah. VK2 1.,20 0 133. 8 54..3 5..7 25..7 2.9 2..9 8..6
P. Kicoce VK1 0.,87 0 165..2 63..3 10..0 16..7 3.3 0..0 6..7
Nyiram. VK5 0.,92 0 135.,3 58..3 8..3 16,.7 16. 7 0,.0 0,.0
Nyiram. VK7 0.,75 0 155..3 62..5 12..5 12..5 12.5 0..0 0..0
Bukar. VK2 0..27 0 171..3 72..7 27..3 0..0 0.0 0..0 0..0
Gah. VK7 1.,27 1 125..4 48..7 13..5 18..9 8. 1 2..7 8..1
Nyiram. VK2 1.,09 0 127.,8 52..3 9.. 1 27..3 4.6 2,.3 4..6
Nyiram. VK6 1..11 0..5 125..7 50..0 16..7 16..7 7.4 7..4 1.,8
Nsasa. R5/6 1.,06 0..5 127.,8 50.,0 11.. 1 33..3 0.0 0..0 5..6
Nkondo. R9/3 1.,90 2 93..6 34..8 7.,0 27..8 9. 6 6.. 1 14..8
Nyirab. 0..83 0 147..7 61.. 1 8..3 22..2 5. 6 0..0 2..8
Gahunga 0..86 0 136..2 57,. 1 14,.3 14..3 14. 3 0..0 0..0
Ndamirab. 1.,67 2 95..4 33..9 13..9 27..0 10. 4 6.. 1 8..7
Red Jersey 1..63 2 113.. 1 48.. 1 0..0 25,.9 3. 7 11,. 1 11.. 1
Div 1313/1765 0..75 0 167..5 66.. 1 9..2 15..4 4.6 1.5 3.. 1
Nyriam. 1772 1..50 0..5 122..3 50,.0 8..3 8..3 16. 7 8..3 8..3
Nkondo. 1760 2..22 2 83..9 31,.2 3,. 1 21 .9 18. 7 6,.3 18..8
1132/150 1..94 2 87,.3 31,.2 6..2 25..0 25. 0 0..0 12..5
Nsulira 1156 0..87 1 109..4 43,.7 31..2 18,.7 6.2 0,.0 0..0
TIS 2154/1927 0,.50 0 200..0 75,.0 0..0 25,.0 0. 0 0,.0 0,.0
TIS 5290/1885 1.75 1 135..0 50 .0 0,.0 25 .0 0. 0 0,.0 25..0






1 116,,7 46..7 10,.0 23 .6 7. 7 3,.8 8..2
•fc0-5: from no weevil damage to severe expression of symptoms.
Ill
indices viz.; Bukarasa VK2 (0.27), TIS 2154/1927 (0.50), Nyiramujuna VK7
(0.75), and Divir 1313/1765 (0.75) (Table 48). The germplasm, TIS
2154/1927, was a seedling obtained from the parent TIS 2154, known to be 
(42)weevil resistant
6. Skin Color
Although the mean numerical rating of the population was 2.72, 
which was somewhere between tan and copper, seedlings were found with 
copper skin color (Table 50). A typical purple parent, as P. Kicoce VK1 
transmitted its purple skin to 56.7% of its seedlings. There were only 
3.3% of the seedlings with white skin and 6.7% with tan skin. However a 
parent with tan skin, Nyiramujuna VK7, had most of its offspring (62.5%) 
with rose skin color. The character purple skin color was dominant over 
the other skin colors, although some minor additive gene action was 
present.
7. Virus Incidence
The trial was harvested in July, at the beginning of the dry season, 
when the virus infestation was highest. Although the virus pressure was 
not very high during the early part of the growing season, some progenies 
exhibited severe virus symptoms. The seedling progenies with severe 
virus symptoms were TIS 2154/1927 (50%), Nsasagatebo R5/6 (47.6), 
Nkondoyigisabo 1760 (40.6), Nkondoyigisabo R10/2 (40.0), and Nkondoyigisabo 
R5/6 (34.6) (Table 50). Virus resistance was a genetically inherited 
character and the parent Nkondoyigisabo was known to be virus susceptible 
as was its progeny. Nsasagateho was normally grown at higher elevations 
where virus pressure was low.
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Table 49. Frequency distribution 
classes for each of 25
(%) of seedlings into skin color 













Nkondo. R10/2 3.32 4 56..0 36..8 0..0 0..0 21.. 1 42..1
Nkondo. R5/6 2.67 4 62..0 47..6 0..0 0..0 42..9 9..5
D. Vir R10/2 3.07 4 54..4 33..3 6..7 0.. o 40..0 20..0
Nsasa. R10/2 3. 14 4 56..3 33..3 9..5 0..0 23. 8 33..3
Gah. VK2 2. 60 2 61..3 40..0 17..1 0..0 28..6 14..3
P. Kicoce VK1 4.33 5 23..7 3..3 6..7 0.,0 33..3 56..7.
Nyiram. VK5 3.33 4 43.. 1 16..7 16..7 0..0 50..0 16..7
Nyiram. VK7 3.50 4 37..4 12..5 12..5 0..0 62..5 12..5
Bukar. VK2 3.27 4 51..3 27..3 9..1 0..0 36..4 27..3
Gah. VK7 3.03 4 50..8 24..3 21..6 0..0 35,.1 18..9
Nyiram. VK2 3. 16 4 53..7 31..8 9.. 1 0..0 29..6 29..6
Nyiram. VK6 2.98 3 54..7 27..8 22..2 0..0 24..1 25..9
Nsasa. R5/6 2.22 1 81..0 66..7 0..0 0,.0 11..1 22..2
Nkondo. R9/3 2.91 4 58..2 41..7 1..7 0..0 36..5 20,.0
Nyirab. 2.83 3 61..7 41,.7 8..3 0..0 25..0 25..0
Gahunga 2. 36 2 56..7 21..4 57..1 0..0 7,.1 14..3
Ndamirab. 1. 73 1 83..6 77..4 3..5 0..0 7..0 12..2
Red Jersey 2. 78 2 45,.0 7..4 55..6 0..0 25..9 11.. 1
Div. 1313/1765 2.49 2 49..2 12..3 63.. 1 0..0 12..3 12..3
Nyiram. 1772 1.67 2 29..5 33..3 66,.7 0..0 0..0 0..0
Nkondo. i760 2.87 2 49..0 12..5 46..9 0..0 21 .9 18,.8
1132/150 2.81 2 50..6 12..5 50,.0 0..0 18..7 18..8
Nsulira 1156 1.81 2 41 .4 31..2 62 .5 0,.0 6,.2 0..0
TIS 2154/1927 3.25 3 46,.2 0..0 50,.0 0..0 25..0 25..0
TIS 5290/1885 3.50 4 49 .5 25..0 0..0 0..0 50..0 25..0






2 59 .3 36,.0 19,.8 0..0 24..2 20.,0
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Table 50. Percentage of seedlings for several traits in each of 25












Nkondo. R10/2 40.0 10.0 0.0 47.4 31.6
Nkondo. R5/6 34.6 19.2 0.0 42.9 38.1
D. Vir. RIO/2 22.2 16.7 0.0 46.7 20.0
Nsasa. R10/2 13.6 31.8 0.0 52.4 9.5
Gah. VK2 17.1 31.7 0.0 42.9 20.0
P. Kicoce VK1 31.7 31.7 33.3 23.3 3.3
Nyiram. VK5 0.0 35.7 0.0 50.0 8.3
Nyiram. VK7 20.0 50.0 12.5 25.0 0.0
Bukar. VK2 0.0 6.2 0.0 72.7 9.1
Gah. VK7 11.4 40.9 5.4 46.0 13.5
Nyiram. VK2 10.9 30.9 0.0 56.8 15.9
Nyiram. VK6 11.8 47.1 11.1 35.2 5.6
Nsasa. R5/6 47.6 14.3 0.0 38.9 33.3
Nkondo. R9/3 26.0 17.8 1.7 29.6 26.1
Nyirab. 17.5 7.5 11.1 36.1 19.4
Gahunga 0.0 5.9 21.4 35.7 35.7
Ndamirab. 19.8 26.7 7.8 60.9 15.6
Red Jersey 10.7 14.3 14.8 44.4 18.5
Div 1313/1765 12.0 16.0 50.8 49.2 6.1
Nyiram. 1772 15.4 53.8 16.7 33.3 16.7
Nkondo. 1760 40.6 37.5 12.5 15.6 0.0
1132/150 27.8 22.2 12.5 43.7 31.2
Nsulira 1156 22.2 38.9 0.0 37.5 6.2
TIS 2154/1927 50.0 25.0 0.0 25.0 0.0
TIS 5290/1885 25.0 50.0 25.0 25.0 25.0
Mean 19.9 26.0 10.6 42.5 16.4
LSD (.05) 24.7 28.2 19.5 33.5 24.6
8. Alternaria Incidence
Several progenies were found to be highly susceptible to the 
Alternaria spp. Nyiramujuna 1772 had 53.8% of its progeny as susceptible 
Nyiramujuna VK7 (50), TIS 5290/1885 (50), Nyiramujuna VK6 (47.1), and 
Gahungezi VK7 (40.9) (Table 50). Resistance to this disease was an 
inherited character with alternaria susceptibility being dominant. The 
progenies of the susceptible parents to Alternaria spp. had a high 
percentage of seedlings segregating for susceptibility.
9. Anthocyanin
This character was genetically inherited with the presence of 
anthocyanin being incompletely dominant. Two parents transmitted a 
significant amount of anthocyanin to their offsprings with Divir 
1313/1765 having 50.8% of its seedlings with this pigment and P. Kicoce 
VK1 (33.3) (Table 50). This trait may be highly undesirable in some 
cases not only because of its toxic effects, but also because it has 
been reported to promote hyperthyroidy in some humans.
10. Latex
Great variation among progeny means resulted for this trait. The 
progenies with the largest percentage of seedlings with latex were viz.; 
Bukarasa VK2 (72.7%), Ndamirabana (60.9), Nyiramujuna VK2 (56.8), 
Nsasagatebo R10/2 (52.4), and Red Jersey (44.4) (Table 50). The benefits 
if any, of seedling roots with high latex are not known.
11. Cracking
The character seemed to be genetically controlled (Table 43). 
Susceptibility to cracking was serious in the following progenies viz.; 
Nkondoyigisabo R5/6 (with 38.1% of its seedlings susceptible), Gahunga
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(35.7), Nsasagatebo R5/6 (33.3), Nkondoyigisabo R10/2 (31.6), and "1132/50"
(31.2) (Table 50). Its association with nematodes and/or low dry matter 
content need to be studied in these climates.
Correlations
The additive genetic correlations (r ) and the within progeny
n
correlations (r^) are presented in Table 51. Virus susceptibility was
negatively associated with vine yield (r = -0.56), number of roots
r\
(-0.79), and latex (-0.45). It was positively associated with weevil 
incidence (0.57) and with flesh color (0.44). Alternaria disease was 
negatively correlated with cracking (r = -0.57). Vine yield was
n
negatively correlated with number of roots (r = -0.49), root yield
n
(-0.78), weevil incidence (-0.52), and flesh color (-0.76). It was 
positively associated with skin color (r = 0.55) and with latex (0.84).
At the within progeny level there was an inversion in that vine yield
was positively correlated with both number of roots (r = 0.32) and root 
yield (0.39). This inversion was probably due to the presence of important 
dominance effects of some genes off setting the additive effects at the 
within progeny level (Table 51). A large number of roots was associated 
with high root yield (r. = 0.69, r = 0.49), presence of anthocyanin (r
c\ S Pi
= 0.48) and latex (r^ = 0.56). An unexpectedly highly significant and 
negative association existed between number of roots and skin color (r^
= -0.94), i.e. the smaller the number of roots the darker the skin 
color. Root yield was positively associated with the presence of latex 
(r = 0.42 and r = 0.21) and cracking (r = 0.98 and r = 0.18). It
n S  ̂ n S
was believed that cracking was rather the result of a higher root yield; 
whereas, the presence of latex may have conferred a better tolerance 
against the hydromorphic conditions of the swamp. High root yield was
Ta b l e  51. A d d i t i v e  genetic c o r relations (r^) and w i t h i n  p r o g e n y  c o r relations (tg) b e t w e e n  several sweet 
pot a t o  characters in the Swamp P r o g e n y  Trial.
V i n e  N u m b e r  R o o t  Skin Fl e s h
T r a i t  A l t e r n a r i a  Yi e l d  of Ro o t s  Y i e l d  W e e v i l  Color Color A n t h o c y a n i n e  Latex C r a c k i n g
Virus (-0. 16)(r ) (-0. 56) -0. 79 0. 16 (0..57) 0..33 (0..44) (-0..23) (-0..45) (0..25)
0. 14 (r ) s -0. 17 -0. 16 -0., 17 0..13 0..00 0..00 -0..07 -0..09 0..01
A l t e r n a r i a 0..30 -0..34 0..09 -0..30 0 .16 -0..03 -0..22 -0 .32 (-0..57)
-0.. 12 -0..04 -0..02 0..11 0..03 0..01 -0 .08 0..00 -0..01
Vine Yi e l d -0..49 -0..78 -0,.52 0..55 -0..76 -0 .33 0 .84 -0..08
0..32 0..39 -0,. 15 0 .02 -0..03 0 .06 0..09 0..03
N u m b e r  of Roots (0..69) 0 .11 -0 .94 0..11 0 .48 (0 .56) 0..22
i 0..49 -0 .07 0..02 -0,.04 0,. 18 0 .07 -0..01
R o o t  Yi e l d (0 .34) -0 .74 0 .34 -0 .28 (0 ■ 42) 0..98
0..03 -0 .12 -0,.02 0 .09 0 .21 0.. 18
Weevil -0,.30 0 .42 -0,.51 -0 .35 0..96
-0 . 12 -0..05 -0..06 -0,.04 0..08
S k i n  C o l o r  0.03 0.00 -0.80 -0.11
0.23 -0.03 0.02 -0.10
F l e s h  Co l o r  0.16 -0.60 -0.36
-0.28 0.20 0.03
A n t h o c y a n i n  0.00 -0.79
-0.15 -0.12
Latex -0.31
- 0 . 1 1
(a) | ~
Critical values for r^ are 0.40 and 0.51 and for r^ 0.07 and 0.10, r e s p e c t i v e l y  for p = .05 and p = .01.
^*^If was inconsistent, it was replaced b y  the m e a n  square c o r r e l a t i o n  (between brackets).
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more likely to be found among the seedlings with white or tan flesh 
color (r^ = -0.74). The associations between weevil damage and flesh 
color (r = 0.42) and with cracking (r. = 0.96) were positive. There
n n
existed an interesting negative correlation between the presence of 
anthocyanin and weevil damage (r^ = -0.51) (Table 51). The presence of 
latex was associated with the lighter skin color (r^ = -0.80) as well as 
with the lighter flesh color (r = -0.60). Cracking was less when 
anthocyanin was present (r = -0.79).
Heritability and Co-heritability
Because of the varying nature of the sib relationship within the 
different progenies, it was attempted to calculate the heritability on 
the basis of the within progeny sampling variation. The character, root 
yield, was used as a case study. The whole population was divided into 










cr = 1 3 99 6/12 9/12 2254 39.1 121.3
cf = 2 6 136 7.5/12 10.5/12 2365 46.9 103.7
c? = 3 5 205 8/12 11/12 1607 41.7 96.0
c? = oo 11 341 9/12 12/12 1474 45.9 83.6
25 781 1771 44. 1 95.4
It is apparent from the above table that the CV and the variance decreased 
with increasing number of pollen parents which may be in contradiction
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with the classical theory. However it can be seen that the sub popula­
tions were of unequal size, the full sibs being only represented by 99 
seedlings. The experiment should be repeated with sub populations of 
larger or at least equal size.
Since most of the seedlings and progenies approached the half-sib 
situation, it was decided to estimate the heritability, considering all 
progenies to contain half-sibs. These heritability estimates are presented 
in Table 5 2 . The estimates of heritability for vine yield, number of 
roots, and root yield were 0.27, 0.21, and 0.12 respectively. The 
heritabilities for the disease and pest traits i.e. virus, alternaria, 
and weevil were 0.06, 0.18, and 0.25, respectively. Both skin color 
(0.46) and flesh color (0.86) were highly heritable. Anthocyanin showed 
a high heritability of 0.81, whereas latex and cracking seemed to be low 
with 0.12 and 0.12 values, respectively (Table 52).
The genetic variability was larger than with two other progeny 
trials as all GCV values were superior to 35%. Expected genetic responses 
were higher than the two previous trials, most traits showed more than 
20% response by selecting the seedlings with superior performance to the 
mean plus the standard deviation (Table 52).
Co-heritability, i.e. linkage, was moderate for all production
traits with most associations being desirable except for the association
between vine yield and number of roots (h = -0.29) (Table 53). Thex . y
co-heritability estimates including weevil, skin color, or flesh color 
were mostly very high and suggested the presence of strong linkages.
Root yield will benefit from tlje correlated genetic responses as listed 
in the table below. It was interesting to note that the co-heritability 
estimates tended to be larger than what would be normally expected from
2Table 52. Estimates of heritability (h ), genetic coefficient of variation (GCV), and genetic 













Virus 0.20 0.1601 0.0089 0.06 47.2 0.40 100.0 12.0
Alternaria 0.26 0.1392 0.0343 0.18 71.2 0.44 100.0 30.5
Vine Yield 103.9 15942 4371 0.27 63.6 125.0 90.2 32.5
Number of Roots 4.94 31.03 6.57 0.21 51.9 5.52 91.9 23.5
Root Yield 44.1 2017 247 0.12 35.6 44.6 88.7 12.1
Weevil 1.36 2.554 0.629 0.25 58.3 1.59 88.0 29.2
Skin Color 2.72 2.632 1.204 0.46 40.3 2.72 100.0 46.0
Flesh Color 0.73 0.6338 0.5463 0.86 101.3 0.79 98.2 93.1
Anthocyanine 0.11 0.09669 0.07800 0.81 253.9 0.31 89.4 228.3
Latex 0.43 0.24913 0.02873 0.12 39.4 0.50 100.0 13.8
Cracking 0.16 0.13960 0.01715 0.12 81.9 0.37 83.6 70.0
(a) Selection differential = 1 x standard deviation.
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Vine Yield 0.27 -0.29 -0.18 — 2.08 -7.86
Number of Roots 0.21 0.22 4.00 -5.34 1.29
Root Yield 0.12 2.16 -2.58 1.23
Weevil 0.25 3.37 2.83
Skin Color 0.46 0. 11
Flesh Color 0.86
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the respective heritability estimates. For instance the co-heritability
between vine yield and number of roots (h = -0.29) had a largerx.y
2absolute value than the heritability of vine yield (h =0.27) and of
2number of roots (h = 0.21). Similarly, the association between root
yield and number of roots (h = 0.22) was larger than the heritabilityx.y
2 2 of number of roots (h = 0.21) and of root yield (h = 0.12). This
points to the fact that associations affected by linkage, epistasis
etc., have a higher inheritance than the single traits separately.
Correlated Response When Selection Is






The achievement of sweet potato yield was the result of genetic and
environmental factors, and the interaction between these factors. The
genetic factors were of complex nature and subject to a large amount of
environmental variation. Inheritance of the fleshy root yield was
2 (94 99)generally reported to be inferior to h < 0.25 ’ . In the low-input
conditions of the Central African Highlands, narrow-sense heritability
of the fleshy root yield was found to be extremely low ranging from 0.00
in the Local Progeny Trial, and 0.05 in the IITA Progeny Trial, to 0.12
in the Swamp Progeny Trial. However the inheritance of two important
yield components , number of roots and vine yield, were found to be
generally larger. In the IITA Progeny Trial narrow-sense heritability
was 0.14 and 0.06, and in the swamp progeny trial 0.21 and 0.27. The
heritability estimates for number of roots agreed closely with earlier 
(94 99)reported figures ’ . Hence the additive gene action of the yield
components were more important than the additive gene action for yield
(37)itself in agreement with Grafius and Thomas . The genetic associ­
ations for root yield, number of roots and vine yield were strong and 
generally positive. At the within-progeny level all associations were 
positive and superior to 0.30. The mean square correlations among 
progeny means were high and positive. The mean square correlation 
between root yield and vine yield was 0.55 in the Local Progeny Trial 
and 0.24 with IITA Trial. The association between root yield and number 
of roots was 0.27 and 0.69 respectively whereas in the swamp progeny 
trial it was 0.69. Vine yield and number of roots were also highly 
correlated (0.71) in the local progeny trial. The corresponding additive
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genetic correlation was also high in the IITA progeny trial (0.52) but
was negative in the swamp trial (-0.49). This contradiction could be
explained by the fact that top growth was known to be extremely luxurious
(17)in hydromorphic conditions whereas the same hydromorphic conditions
, , . . . ., (1, 18, 81, 100, 104, 105,were deleterious to the root sink formation
1®^). However, under normal soil conditions the mean square correlations
and the additive genetic correlations were positive, indicating that
good top growth was important for root yield confirming earlier reports
by S a l a d a g a ^ ^  and Janssens . The interrelationship between number
of roots and yield appeared to be central in the three progeny studies
as well as in the G X E trial, confirming earlier w o r k ^ ^ ’
79, 90, 99)
Although the additive genetic correlations between yield, vine 
yield and number of roots were high, the inheritance of these associa­
tions, as given by the co-heritability estimates, was found to be low.
This suggests that linkages between yield, vine yield and number of 
roots may be generally low. Although small, the absolute values of the 
co-heritability estimates were generally found to be superior to the 
inheritance of either trait separately. This leads to an important 
avenue of breeding by way of correlated genetic advance. Direct 
selection for yield was found to achieve little genetic progress, 
whereas selecting for the yield components resulted consistently with 
higher related genetic advance to be expected for yield. In the swamp 
trial direct progress for yield was expected to be 12.1% whereas the 
correlated genetic advance to be expected when selecting for vine yield 
was -18.2% and for number of roots 22.2%. In the IITA trial direct 
genetic progress was predicted to be 4.8%, whereas correlated genetic
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advance to be expected from selecting for a higher number of roots was 
15.3%. This agreed well with earlier work by Jones
In the G X E trial, yield component analysis confirmed the threshold 
role taken for the number of roots in the achievement of sweet potato 
yield. Pathway analysis across 11 environments demonstrated that number 
of roots had a causal effect upon dry matter yield of 0.635, while that 
of average root weight was 0.312, and dry matter content 0.150. This 
agreed well with Mahungu's w o r k ^ ^ \  where number of roots was found to 
be the most important yield contributor. Within each separate environment, 
however, the contribution of vine yield was found to be negligible, 
while that of average root weight was equal in size to number of roots, 
and finally % dry matter was also more important than across 11 environ­
ments. This leads to the conclusion that vine yield was an element of 
adaptation to varying environments, and conversely average root weight 
and % dry matter were relatively less important in the development of 
adaptation mechanisms across wide environmental variation. The correla­
tions between the yield components were low for both phenotypic and 
genotypic observations. This explains why the allometric model was 
rejected in favor of the parallel model proposed by M a h u n g u ^ ^  . The 
yield components appeared to evolve independently from each other, 
although all contributed to the achievement of dry matter yield. Compe­
tition and stress between the components was minimal in contradiction
(32) (102)with the theory of Grafius and Thomas et al. . However, when
yield component analysis was performed on the environmental means,
strong competition resulted between vine yield and % dry matter (r =
-0.375) and between % dry matter and average root weight (r = -0.521).
On the contrary, positive complementation was observed between vine
yield and number of roots (r = 0.442), and between vine yield and average
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root weight ( r = 0.688). Pathway analysis applied upon the G X E
effects resulted in a very low determination. The G X E effects of dry
matter yield were little determined by the yield components, except for
number of roots. It seems as if the different yield components developed
specific and relatively independent mechanisms for environmental adaptation,
(5 7)as reported earlier . A large variability was observed between the 
different cultivars with regard to their respective yield component 
distribution. However, G X E variation was found to be more important 
than variations among cultivars for fresh root yield, vine yield, number 
of roots, and dry matter yield. J o n g ^ ^  and J a n s s e n s ^ ^  found similar 
results for root yield and average root weight. In this experiment no G 
x E interaction was found for average root weight. All yield components 
had small but positive G x E mean square correlations with dry matter 
yield. Between yield components the G X E correlations were neutral.
Both the slope of the linear response and the deviations from linearity
contribute to the G X E effects of a particular cultivar across environ-
* (23) ments
No particular relationship was found between the slopes of the 
different yield components and the slope of the dry matter yield among 
the different cultivars. Moreover, when expressing the deviation from 
linearity for a particular cultivar as a coefficient of variation, there 
was a good similarity between CV values for number of roots and CV 
values for dry matter yield. Hence stability of dry matter yield with 
regard to a particular response slope was mainly determined by number of 
roots. On the contrary, that part of the G X E interaction due to 
non-unit response slope, was due to the ability of a particular cultivar 
to translocate photosynthates more ore less rapidly into its root sink, 
with increasing environmental index. Cultivar Nyiramujuna 322 showed a
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dry matter yield response of 1.81 which was due to a high response slope 
for average root weight (2.60) and for dry matter content (1.43).
Cultivar, Anne-Marie, on the contrary, had a poor average root sink 
which was compensated by a good response for number of roots (1.24).
Its dry matter yield response was only 1.38 suggesting that translocation 
was decreased due to a limiting sink potential. It appeared that under 
very low-input environments, the source acted as the major limiting 
factor. In the better environments it was the sink which was more 
limiting, whereas translocation limitation occurred whenever unappro- 
priate balance existed between top growth and root growth due to either 
environmental and/or genetic factors. Translocation limitation was the 
most frequent type of problem occurring in Rwanda, due to the low pheno­
typic correlations between vine yield and dry matter yield within the 
high yielding environments (Rubona A, Gihisi A, Butare A).
Some other production factors were found to be under genetic control. 
Sweet potato weevil damage, a major production constraint in the Highlands 
of Central Africa, was characterized by low narrow-sense heritability 
estimates. They were 0.12 in the local progeny trial, 0.07 in the IITA 
trial, and 0.25 in the swamp trial. Virus incidence was a second major 
production constraint in these areas. Its heritability was low (0.06). 
Another disease problem, caused by Alternaria was also low in inheritance 
(0.18). There was a negative additive genetic correlation between vine 
yield and weevil damage in the IITA trial (-0.41) and in the swamp trial 
(-0.52). A small association tended to exist between root yield and 
weevil damage, but was probably, due to a preference phenomenon. As 
would be expected, vine yield and number of roots were adversely affected 
by virus incidence.
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Latex and cracking had both a low narrow-sense heritability of 
0.12. Jones et a l . ^ ^  and Jones et a l . ^ ^  found heritability of 
cracking to be high. However, their estimates were based on a progeny 
basis. The anthocyanin estimate of heritability was very high (0.81), 
suggesting that additive gene action was superior to dominance gene 
action, and that the number of genes controlling this trait was small. 
Anthocyanin had an additive genetic correlation of 0.48 with number of 
roots and a negative correlation with weevil damage (-0.51). The latter 
correlation suggested that the presence of anthocyanin may act as a 
deterrent against the sweet potato weevil infestation. A high and 
positive genetic correlation (0.98) between cracking and root yield was 
not unexpected as was the high genetic correlation (0.96) between weevil 
and cracking, as cracks always provide an avenue of infestation for the 
sweet potato weevil. Latex had positive mean square correlations of 
0.56 and 0.42 with number of roots and yield respectively, suggesting it 
may increase the water stress tolerance of the sweet potato. T o n ^ ^ ^  
noticed absence of latex in the fleshy roots after water submergence.
The presence of latex was associated with high vine yield (r^ = 0.84).
Flesh color was generally characterized by a fair heritability
estimate, ranging from 0.26 with local progeny trial and 0.17 in the
IITA trial, to 0.86 in the swamp trial. The large variation between the
estimates confirms the contradictory information in the literature
(65 67 94 99)surrounding this trait ’ ’ ’ . The number of genes controlling
carotene content was probably equal to six*"*^’ Hence, the herita­
bility estimates will depend on. whether some or all of the genes for 
carotene content were present in the population under study. Skin color 
was characterized by a high heritability estimate of 0.46.
SUMMARY AND CONCLUSIONS
A multi-environmental trial was conducted in Rwanda, located in the 
highlands of Central Africa. The trial consisted of 26 cultivars of 
sweet potatoes repeated over 11 environments.
Genotype X environment (G X E) interactions were highly significant
for vine yield, fresh root yield, number of roots, and dry matter yield.
The G X E variance component was more important than the variance component
for cultivars in the following traits: fresh root yield, vine yield,
number of roots, and dry matter yield. Average root weight was not
significant for G X E interactions. Three cultivars (Rusenya, Anne-Marie,
and Nyiramujuna 322) produced on average more than 5T of dry matter per
ha. These three cultivars had above average vine yield. Of the above
three cultivars, Nyiramujuna 322 showed a high root sink potential,
while Anne-Marie appeared to be sink limited. No definite relationship
was found between the response of each yield component and dry matter
yield. The deviation mean squares from linearity as a coefficient of
variation was found to be more realistic than the coefficient d of
(23)Eberhart and Russell . The CV values for dry matter yield were 
closely related to the CV values for number of roots. Genotypic corre­
lations between yield components were neutral indicating that stress and 
competition between the yield components were low in the sweet potato.
The parallel pathway diagram was found to be more adequate to explain 
the causal relationships between yield and its components, than the 
allometric (sequential) model. The main yield contributor was number of 
roots, followed in decreasing order by, average root weight, vine yield, 
and % dry matter. As for the G X E effects on dry matter yield, the
128
129
most important sources of G X E instability were given, in decreasing 
order, by number of roots, average root weight, vine yield, and % dry 
matter. However, determination was very low.
In the three progeny trials, narrow-sense heritability for yield 
and yield components was generally low. The heritability for root yield 
for the local, IITA, and swamp progeny trials was 0.00, 0.05, and 0.12 
respectively, and for number of roots -0.05, 0.14, and 0.21 respectively.
The heritability for vine yield for the local, IITA, and swamp progeny 
trials was 0.03, 0.06, and 0.27, respectively, and for flesh color 0.26,
0.48, and 0.86 respectively. The heritabilities for skin color and 
anthocyanin pigment were high at 0.46 and 0.81 respectively. The genetic 
associations for root yield, number of roots, and vine yield were strong 
and generally positive. In the swamp trial there was a negative genetic 
correlation between vine yield and number of roots probably due to the 
hydromorphic conditions which adversely affected fleshy root development 
and favored heavy vine growth. Root yield was consistently and positively 
correlated with number of roots. Because of relatively high co-heritability 
estimates, correlated genetic advance for yield was generally high when 
selecting for number of roots and vine yield.
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